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WELLMAN 


Auxiliary 


Rolling Mill Equipment 


Below is illustrated the Wellman Expanding Mandrel Tension Reel and 
Drag Generator Pinch Roll Unit installed in the Coil Build-up Line at 
Messrs. Birmetals Ltd. The Tension Reel is arranged for Askania Edge 
Position Control and is provided with a hydraulically controlled Coil 
Unloading Buggie and hydraulic mandrel expansion. 

This is one of many such installations in ferrous and light alloy plants 
designed and manufactured by Wellman. 

We specialise in the supply of all types of plant required for these 
industries, including Automatic Shearing Lines, Slitting Lines, Coil Build-up 
Lines, Recoil and Inspection Lines and units designed to meet clients’ 
particular requirements. 


wi Sees ’ ; pik pe om sae ag 
THE WELLMAN SMITH OWEN LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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Do you really 
think I need 
bother about 
nitrogen? 


Some people do... 


In tree-cutting steels. 


ACIBAR and ACIBEL 


are free-cutting, easy-machining steels produced 
by the Acid Bessemer process. They contain 


up to .018°,, nitrogen which assists in achieving 


more rapid machining 
improved mechanical properties 


better finish 


—and their content of residual elements is, of 
course, consistently low. 
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IRON AND STEEL COMPANY Workington - Cumberland COMPANIE 
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THE UNITED 


MEL 


COMPANIES L™? 


Silver Fox 


stainless steel 


has the 
Elegance 
and 
Durability 


desirable for cars of the highest quality. 
Used for the radiator shell, window 
mouldings and decorative trim of the 
Rolls-Royce car, this steel retains its 
strength and beauty throughout the entire 
life of the car. 

Samuel Fox & Company Limited, 
makers of fine steels for longer than 
a century, are sole suppliers to Rolls- 
Royce of laminated suspension springs 
and principal suppliers of stainless steel 
coil suspension springs and engine valve 


springs. 
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samuel fox 
£& company limited 


STOCKSBRIDGE WORKS - SHEFFIELD 


A subsidiary of The Umted Steel Companies Limited 
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Scunthorpe, Lincolnshire branch of The Un 
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Under modern operating conditions railway wheels have to withstand high tempera- 
tures, heavy loading and high levels of stress. The wheel testing machine illustrated 
is used to determine the best qualities of steel for wheels which have to withstand 


these conditions. 


steel, peech 
& tozer 


P222 
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ironmaking 
steeimaking 
refractories 
analysis 


3 sand control 
ZI use oks on iron and steel 


BY THE UN COMPANIES LIMITED SHEFFIELD ENGLAND 






practical ironmaking 

BY G. D. ELLIOT & J. A. BOND. 280 PAGES. 65 ILLUSTRATIONS 
This explanation of basic principles will be of interest not only to students of ironmaking, but to men who make 
their living in an ironworks. Throughout the book the theory of ironmaking has been presented in a way that can 
be used to assist day-by-day operations 


PRICE: GT. BRITAIN: £2. U.S.A. AND CANADA: $6 POST FREE 


steeimaking for steelmakers 

BY A. JACKSON. 276 PAGES. 83 ILLUSTRATIONS 

A practical guide, based on nearly 35 years experience of open-hearth steelmaking. It traces developments in 
refractories, furnace firing, and the control of furnaces by the use of instruments. Particular emphasis is placed on 
the chemistry of steelmaking reactions. The author urges that oxygen techniques be developed as quicklv as possible 
to enable the open hearth furnace to produce controlled quality steel at production rates competitive with 

other oxygen processes 


PRICE: GT. BRITAIN: £2 U.S.A. AND CANADA: $6 POST FREE 


~ i « - ony to 
steeipliant refractories 
BY DR. J. H. CHESTERS. 728 PAGES. 274 ILLUSTRATIONS 


This book provides the manufacturer with a detailed survey of the present refractories position, and gives a firm 
basis for future development. The text has been completely rewritten, and is supported with numerous additional 
illustrations and tables. The revised appendices include the new “British Standard Methods of Testing Refractory 

Materials.’’ The Refractories Journal said of this book ‘“‘Destined to be, and deserves to be, a best seller.” 


PRICE: GT. BRITAIN: £4. U.S.A. AND CANADA $12 POST FREE 


» 2” “~~ era gS amr coe $ bee Pe 7. —- = = ~~ 
dard methods of analysis 
OF IRON, STEEL AND FERRO-ALLOVS. 176 PAGES. 8 ILLUSTRATIONS 


A section dealing with physico-chemical analysis, together with methods for iron and boron, has been added to this 
new and enlarged edition. Many of the methods described in previous editions have been revised, and some 
replaced. These revisions to the late Dr. T. Swinden’s original work have been carried out by the Central Research 
Laboratories of The United Steel Companies 


PRICE: GT. BRITAIN: 17/6 U.S.A. AND CANADA: $3.50 POSTAGE EXTRA 


foundry sand control 
BY OR. W. DAVIES. 216 PAGES. 135 ILLUSTRATIONS 


Every foundry sand technologist must look forward to the time when real sand control is exercised to detect 
fluctuations in sand quality before they are serious enough to cause casting defects. This book presents an effective 
synthesis of present knowledge and current opinion, directed towards the better control of sand properties. 


PRICE: GT. BRITAIN: 30 -. U.S.A. $5 POSTAGE EXTRA 


7 ® 


Obtainable from the Publications Department, The United Stee/ Companies Limited, P.O. Box 64, The Mount, Broomhill, Sheffield, 10 ' 
Ww “ 
US.158 COs _PANit 
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The ‘ENGLisH ELectric’ Class *M* medium voltage circuit-breaker 


embodies the latest ideas in design and construction. It incorporates, for 
example, safety factors hitherto only associated with high voltage circuits. 
Easy to install, simple to operate and maintain, these circuit-breakers are 
totally enclosed under all service conditions and isolation is completed 
behind a closed door. The new range of time-controlled, direct-acting 
overcurrent tripping units give better performance and discrimination. 
Send for Publication SG'352A to: 

The ENGLISH ELECTRIC Company Limited, Switchgear Department, 
East Lancashire Road, Liverpool, 10. 


31 MVA at 415 volts. ASTA Certificate No. 4062. 
Compact cubicles of uniform height for 

800 and 1,600 amp breakers, 1,600 amp on 2’ 0” 
centres. Unitised busbars for ease of uprating 

and extension; up to 3,000 amps available. 
Automatically operated shutters screen cable and 


busbar connections when the breaker is withdrawn. 


THe ENGLISH ELECTRIC Company Limitep. Marconi House, STRAND, LONDON, W.C.2 


STAFFORD PRESTON G BRADFORD LIVERPOOL ACCRINGTON 
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» Sos sie 80 inch hot strip Mill built for Klockner-Hutte 


AG, Bremen, Germany, by 


MASCHINENFABRIK SACK G.m.b.H. DUSSELDORF-RATH, W. GERMANY 


Designers and Builders of Rolling Mills 
Representatives for Great Britain and Ireland: D.M.M. (Machinery) Ltd., Universal House 
60 Buckingham Palace Road, London, $.W.1. Telephone: SLOane 070! 





PRESSES for 


EXTRUSION 
FORGING 

DIE FORGING 
PIERCING 
DRAWING 
UPSETTING 
FLANGING 
POWDER 
CARBON ELECTRODE 
MULTI-DAYLIGHT 
RING ROLLING 


for the ferrous and 
non-ferrous industries 


6000 tons Forging press 


(By courtesy of The Rotterdam 
Dockyard Company Limited.) 





2000 tons Extrusion press 


(By courtesy of James Booth 
Aluminium Limited.) 


THE Ke) EWY. ENGINEERING COMPANY LTD. 
mo BOURNEMOUTH ENGLAND 
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Illustration shows a typical Ty-rock Rod Deck Screen 


DECK SCREEN 
The TY-ROCK ROD DECK SCREEN Is a recent addition 
to the range of International Combustion equipment for ore 
handling. The efficiency of this screen has been proved in 
operation and particularly satisfactory results are being 
achieved with ores known to be difficult to handle. 


For further details of the Rod Deck Screen and complete mechanical handling 
plants, please write to 


NINETEEN WOBURN PLACE, LONDON W.C.1. TELEPHONE! TERMINUS 2833 WORKS: DERBY , 
Member of Atomic Power Constructions Limited — One of the British Nuclear Energy Grou 


TGA MHIDBA IA 


August, 1960 





why 
ACHESON 


TRADE MARK 


graphite 
electrodes 





Acheson” Graphite Electrodes are manufactured from specially selected high grade 
raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum - 

LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
‘* Acheson’ Graphite Electrodes are made in the United Kingdom only by 


BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


q oe 
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_ = 


TRADE MARK 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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YOU OPERATE REHEATING FURNACES? 


Reflecting 
Longer Hearth Life 


ia 
w 
c 
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The economical operation of reheating furnaces 
depends greatly upon the life of the refractory 
material selected for the hearth. Whether your 
immediate problem concerns in-and-out fur- 
naces, continuous slab, end pusher, forging or 
bogi-type furnaces or one of the various types of An 
soaking pits, it pays to let GR guide your selection GR; 
of refractories. The GR Technical Service Depart- 
ment is available to advise on the correct choice 
of refractories for any specific application. 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE + SHEFFIELD 10 + TELEPHONE: SHEFFIELD 31113 


4\5 


Everything in 


Furnace Linings 
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From experience Gibbons “H.T 1’’ insulating refractory is the 
automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons ‘‘H.T 1”’ is developed 


from more than 20 years’ experience in 


the manufacture of insulating refractories ; } \ 7 
and today an entirely new and original 4) | | \ y) 
manufacturing technique enables us to 


offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 5514! 
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Fourteenth century carving in 
Winchester Cathedral of sow playing 
the double pipe while suckling her litter 
Photograph by Ruth Meyler & F.C. Siliar 


In the early days of the industrial revolution manufacturers 
trequently looked for familiar and easily recognisable 
descriptions of their products. To the countryman 
transplanted into industrial surroundings nothing was 
more familiar than a pig; a fact which is emphasised by 
carvings in scores of old churches depicting pigs suckling 
their litter, rooting for acorns and playing the bagpipes. 
(Apparently this last pastime was forsworn by pigs many 
years ago because of unpleasant associations between 


bagpipes and pigs bladders.) Consequently, when iron 
from Blast Furnaces was directed into long troughs and 
from there into short and narrow troughs placed at right 
angles, a resemblance to sows suckling their appendaged 
litter led to the description of ‘pig iron’ 

This series of advertisements illustrates some of the 
‘ecclesiastical’ pigs and emphasises the 50,000,000 special’ 
pigs which Warner and Company have supplied to Iron 
Foundries producing High Duty Castings 


WARNER 


WARNER & CO. LTD., 


WARNER 


WARNER 


MIDDLESBROUGH 
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for fine grain and better definition— 


Outstanding for its exceptionally fine grain, ILFORD CX is a high-contrast film 

of medium speed. It can be used with or without lead screens, for industrial 
radiography up to two million volts, and for gamma radiography. It is ideal for 
those applications where superior definition is preferred to speed, particularly for 
the examination of light metal and steel castings, and for the inspection of welds. 
Recommended developer is Phenisol— based on Phenidone, an Ilford discovery — 
which gives high effective film speed and promotes contrast, without accentuating grain. 


The name PHENIDONE is a registered trade mark 


i L F 0 R D LX waustrias X-ray film 


~— 
~ 
2) 
7) 
~ 


ILFORD 


RD LIMITED 


ILFO 
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ALL types of dust and fume control plant 


Gases are cleaned and dusts controlled by Sturtevant plant to promote the 
vitally important interests of health, safety, economy and high production 


efficiency. The widest range of modern equipment is employed, including 


ELECTROSTATIC PRECIPITATORS CY CLONES 
SCRUBBERS TEXTILE FILTERS 





Sturtevant plant is designed and installed to: 


@ CLEAN GASES AND COLLECT FINE DUSTS AND FUMES 
from blast furnaces, open-hearth furnaces, sinter plant, 
converters, electric arc furnaces and hot blast cupolas 


COLLECT DUST from conveyors, elevators, crushers 
and screens handling raw materials 








Enquiries to our reference Z 101.8 (sto! 


\ CLEAR AIR 


STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD., 400 SUSSE X STREET, SYDNEY, N.S.W. 





August, 1960 





for fine grain and better definition— 


Outstanding for its exceptionally fine grain, ILFORD CX is a high-contrast film 

of medium speed. It can be used with or without lead screens, for industrial 
radiography up to two million volts, and for gamma radiography. It is ideal for 
those applications where superior definition is preferred to speed, particularly for 
the examination of light metal and steel castings, and for the inspection of welds. 
Recommended developer is Phenisol— based on Phenidone, an Ilford discovery — 
which gives high effective film speed and promotes contrast, without accentuating grain. 


The name PHENIDONE is a registered trade mark 


industrial X-ray film 
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ILFORD 


cD LIMITED 
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ALL types of dust and fume control plant 


Gases are cleaned and dusts controlled by Sturtevant plant to promote the 
vitally important interests of health, safety, economy and high production 


efficiency. The widest range of modern equipment is employed, including 


ELECTROSTATIC PRECIPITATORS CY CLONES 
SCRUBBERS TEXTILE FILTERS 





Sturtevant plant is designed and installed to: 


@ CLEAN GASES AND COLLECT FINE DUSTS AND FUMES 
from blast furnaces, open-hearth furnaces, sinter plant, 
converters, electric arc furnaces and hot blast cupolas 


COLLECT DUST from conveyors, elevators, crushers 
and screens handling raw materials 
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STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD., 400 SUSSEX STREET, SYDNEY, N.S.W. 
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but dependent so much upon the unspectacular 
the platinum :rhodium-platinum thermocouple, which 
plays a vital role in all high-temperature processes where 


accurate measurement is essential to exact control. 


Simple, robust, consistent, the thermocouple is to both 
industry and research a means without equal of precise 


high-temperature determination. 


Information regarding the properties of the platinum meta 


and their industrial application ts freely avail able 


Johnson 4% Matthey 


a f META THERM 











Pp f 
l 


JOHNSON, MATTHEY & CO., LIMITED, 73-83, HATTON GARDEN, LONDON, E.C.1. 


Vittoria Street, Birmingham, |. Telephone: Centra! 8004 


Telephone: Holborn 6989. 


75-79, Eyre Street, Sheffield, |. Telephone: 29212 


a 
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When considering latest developments in electro-precipitation 


SIMON-CARVES LTD are responsible for 


The First The First 
PRECIPITATOR PREGIPITATOR 
i | in the 
The First World 
PRECIPITATOR 
in 
Europe 


KAAS 
MW rf 


HIGH-EFFICIENCY ELECTRO-PRECIPITATION BY 


Stmon-Carves Ltd 





HOLSET F 
Rubber Block COUPLINGS 


for ROLLING MILL 
MAIN DRIVES and a 
all AUXILIARIES v1 200K» 


CHARACTERISTICS OF 
HOLSET COUPLINGS 


@ Can accommodate substantial angular and parallel 
misalignment 


Absorb shocks and operate noiselessly 
under any conditions. 


With a multi-row arrangement of the blocks, Holset 
Flexible Couplings can have a small diameter 

and, therefore, a lower WR? value than any 

other torsionally resilient coupling. 


Do not create any end thrust on the bearings 
of the connected shafts 


Provide electrical insulation between the 
driving and driven machines as there is 
no metal to metal contact 


Do not require lubrication or maintenance of any kind 


Installation of Holset Flexible Couplings is 
simplicity itself. As there are no spigots, 
removal of the bolts permits vertical lift 
of the driving and driven machines 


The design is consistent throughout the range 
of standard sizes which extends to couplings 
with a torque capacity of 400 metre tons 


Main drive Coupling. 21,000 h.p. at 40 r.p.m. 


UG ENGINEERING CO. LTD. 


TURNBRIDGE HUDDERSFIELD. 
Telephone : Huddersfield 7480 Telegrams: Holset, Huddersfield 
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No. 1 Turbo-blower, Margam ‘B’ Power Station 


REAVELL-ASKANIA REGULATORS 


FOR 
BLAST FURNACE BLOWER CONTROL 





REAVELL & co. LTD. Reavell-Askania Regulators Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned 


REAVELL-FAHIE LTD. | °°" 
= . 
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Oph uclvet-bumpaclein-her-avee-ham-herel 
bi-polar magnets are part 


of the wide range of 


electric magnets made by 


The General Electric Co. Ltd. 
Please ask for Technical 


Descriptions Nos. 315 & 379. 


THE GENERAL ELECTRIC COMPANY LIMITED, 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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100 H.P., 0-6-0 type, 3’ 6” gauge 
diesel locomotive, maximum 
height 5’ 6” supplied to 

Messrs. Stewart & Lloyds 
Minerals Limited, 

Thistleton Mine. 

Photographs by permission of 
Messrs. Stewart & Lloyds 
Minerals Ltd., Brigstock. 


Hudswell, Clarke & Gompany Ltd. 


1860-1960 100 YEARS OF LOCOMOTIVE BUILDING 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, DIESEL ELECTRIC, 
ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 
Locomotive Engineers, Railway Foundry, Leeds 10. Tel: 34771 (10 lines) Cables: Loco, Leeds 
LONDON OFFICE: 14 Howick Place, Victoria Street, S.W.1. 

Telephone: ViCtoria 6786. Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London 





the 
Hub 
of 


LY p 


P 
IENCE AT YOUR SERVICE 





Consult us on your Gas Cleaning and Dust Emission Problems 


LODGE-COTTRELL LTD., GEORGE STREET PARADE, 
TELEPHONE CENtral 3388 BIRMINGHAM, 3 *LONDON : CENtral 5488 


OVERSEAS 
Continental Europe 
Leon Bailly, Ingenieur Conseil, Avenue des Sorbiers, Anseremme-Dinant, Belgium. 
LODGE-COTTRELL (Australia) PTY. LTD. 
LODGE-COTTRELL (Africa) PTY. LTD., P.O. Box 6070. JOHANNESBURG. LC48 
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Reproduction of Dutch Print, (Circa 1695) 
illustrating the craft of the Cabinet-maker 
(Copyright, Radio Times — Hulton Picture 
Library). 
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to bis 
own) 
trade — 





and 
our 


trade is STE E LY! 


Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now supplying plates for the 
nuclear power station reactor at Latina, Italy. 


cae \ 
) 4 \ oy {mn interesting hooklet **Steels for the Joh”, just 
~ 


published by us, describes some of our newer products 


We shall he delighted to send you a cop) 


YOU SHOULD HAVE Our Technical and Research Department will aiso welcome 
THIS BOOK. . . 
enquiries from any whose problem is STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (1/2 lines) Telegrams: Steel Phone Conset 
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Mobil D.T.E. Oils stand 
head and shoulders above 
all ordinary oils. They 

give ba ed protection 
and performance that 

no oil on the market 


today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 


Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 


ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 
the facts—the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 
circulating oils. Ask the man 
from Mobil to call and explain 
how Mobil D.T.E. oils can 
reduce maintenance costs and 
increase production 





ECONOMY, SERVICE 





JOURNAL OF THE IRON AND STEEL INSTITUTE 





all AS 








SCREW-FIXING 
IS FASTER 
THAN EVER! 


‘Rawlplugs are by far the speediest method of screw-fixing in 


the world’ But have you noticed 


you've known that for years. 
how much faster even Rawlplugs are today, with the sensational 
Rawlplug drills and power tools now available for drilling the 


holes in all kinds of masonry? It’s well worth looking into! 





ea al ee BO glee 
a 





FOR ALL SCREW SIZES 


There’s a Rawlplug for every size of screw up to }’ 


diameter coach 
screws, which take a load of 4 tons. 

Rawipluys are the fixing for neatness as well as speed and strength—no 
mess, no damage to surrounding materials, almost invisible in position. 
Being rotproofed and waterproofed during manufacture, they can be 
used under all climatic conditions. Screws can be withdrawn and 


replaced without affecting the efficiency of the Rawlplugs. 
Write now for illustrated literature containing full details 
of Rawiplug Fixing Devices and the many high 


performance Rawiplug tools (hand, electric and pneumatic). 


THE RAWLPLUG CO. LTD., 
CROMWELL ROAD, LONDON, S.W.7 


Telephone: FREMANTLE 8111 (10 LINES) Telegrams 


HIGH EFFICIENCY 
BORING TOOLS AND DRILLS 


For cutting holes in any material— 
concrete to glass—Raw!Iplug tools are 


the speediest, most efficient ; 
and durable in the world. iy 
Sizes and types to meet every 
need— hand, electric or air 
power. Among hand 
percussion tools are Rawl- 
drills, Stardrills, Tubular and 
Wall Boring Tools. For hand 
or power—Durium, the 
world’s fastest masonry drill, 
and Durium Glass Drills. 
Power only—Vibroto, Rawlcrete, 

















Durium Hammer Drills, ete. 


R.P.2 
Two-speed 
ELECTRIC 
DRILL 


At the touch of a button you can change the speed of this drill 
from 1200 r.p.m. to 420 r.p.m. which is the ideal speed for 
Durium Masonry Drills. Chuck capacity is 5/16”. Finger tight 
ening holds the smallest drill in rigid grip which increases with 
the load yet can be easily released. 


RAWLPLUG DRILL HAMMER 


This ingenious attachment converts a suitable 
electric drill into a Power Hammer which rapidly 
bores holes in even the hardest masonry! 

A sturdy high-precision tool, thoroughly 
proved and used by 
the Rawlplug Drill 
magnificent time-and-money saver. 
Suits any electric drill with working 
speed up to 2000 r.p.m. and 
minimum }” chuck. Speed-——one 
blow per chuck rev. Weight of 
light’, ‘medium’ | 


‘heavy’. / 
\w 


Rawiplug VIBROTO 


famous Contractors, 


Hammer isa 


b \ 1, slo 
OWS adjustadie 


nd 
alg 


‘Drilling Machine 


The performance of this sensational 3 in 1 
power tool must be seen to be believed— 
three high-precision machines in one! 

The Vibroto R.V.1 machine provides 

(1) dual vibration action (with Vibroto 
Drills, faster masonry drilling even than 
Durium!); (2) Rotary action for standard 
Durium Drills; (3) general purpose tool for 
use with standard twist drills. Vibration 
7,500 and 11,200 per minute. 
Length overall 184”. Fully 

The R.V.2 machine is a smaller 
version and although lighter in weight it has 
all the advantages of the R.V.1 for drilling 
holes in masonry up to No. 14 using 
Vibroto hard-tipped drills, 


frequencies 
Weight 9 Ib 
guaranteed 


: RAWLPLUG SOUTHKENS LONDON 


The world’s largest manufacturers of fixing devices 





JOURNAL OF THE IRON AND STEEL INSTITUTE 





THIS MAGHINERY-—part of a Rolling mill— 


was produced by 


SHEEPBRIDGE EQUIPMENT LTD. 


to the order of 


Davy and United We build special purpose machinery 


and fixtures to customers’ specifica- 


Engineering Co. Ltd. tions. Our production facilities —a 


combination of modern well-equipped 
of Sheffield shops and a highly trained staff of 
craftsmen and technicians—enable us 
to produce high precision work to 


any dimensions. 


Photo by permission of Davy and 


United Engineering Co. Ltd 


Sheepbridge Equipment Limited * Chesterfield * England (One of the Sheepbridge Engineering Group) 
Telephone: Chesterfield 5471 Telegrams: Sheepbridge, Chesterfield 
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The snail, most thought- 
fully, goes to some 
pains to reconcile his 


own needs with those 


of the conchologist 


e As home and protection, 
his shell must be tough, 
portable, and very much 
made to measure. At 
the same time, it must 
have just those qualities 
which—in due course— 
will delight the collector 
e Sheet steel from the 
City of Steel follows no 
less closely its intended 
purpose e Each order 
is treated as a separate 
assignment so that 
you, the manufacturer, 
MADE 7. M EASU RE get the particular kind of 
steel your product needs 
e Steel, in fact, made to 
measure—to your exact 


requirements. 


o 


> 


Vy \> 


THE STEEL COMPANY OF WALES LIMITED 
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Vio60 


KEEP YOU 
COOL 
AND 
CALM 


Heating and Ventilating Plant 
VISCO equipment is designed 


Firth-Vickers Stainless Steel Ltd 
to help you make the most of 


materials, natural resources and 
manpower. Save money by 


consulting VISCO. 


Ventilati 

VISCO Ventilating and An 
Conditioning Plant is specially designed 
tor the varying requirements of all 
branches of Industry 


o Spray Blast Oil Coo 


17 a large steel 


‘Sprayblast’ Cooling 
VISCO ‘Sprayblast’ Oil Coolers for 


re-cooling quenching oil used in 


continuous or batch operations. 














Cooling 


VISCO design and supply Wate 





a 


Coolers of many types including natural 


Forced Draught Cooler. Wales Gas Board 


VISCO 


Specialist Engineers to Industry 


and forced draught, direct and 


recirculating systems. 


VISCO ENGINEERING CO. LTD. 


Stafford Road, CROYDON 
Croydon 4181 
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Here’s proof 
of real precision 





—better than Admiralty 
Class 1 Specification 





The diagram shows a composite-error record (in 
part) of a precision-hobbed 4 D.P. spur ring of 
56.250-in. P.C.D. Photograph shows gear ring on 
hobbing machine after cutting, with master gear 
spring-loaded in close mesh, and error record 
being taken. Total error over 225 teeth—including 


master gear error—0.0012 in. 


A wide range of precision gear-cutting @ Enquiries invited for helical, spur, and worm gears, 
work can be undertaken by AEI... from l-in. up to 120-in. diameter. 
e Customers’ blanks also processed if required. 


For full particulars of this AEI service please write to Gear Sales, Rugby. 


Heavy Plant Division 


Associated Electrical Industries Limited 
RUGBY, ENGLAND 


AS553 
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“Lysaght-Scunthorpe’ 









BRITISH 
STEEL 


AT ITS 


BEST 


BASIC OPEN HEARTH STEEL 


CARBONS UP TO 1.0% 

DEEP STAMPING & RIMMING 
SILICON & SILICO -MANGANESE 
FREECUTTING 

LEAD -BEARING 


BLOOMS 5° up to 9” square 
BILLETS 2”, 24", 24", 3°, 34” and 4” sq. 
SLABS 5” to 16” wide x 2” to 24” thick 
SHEETBAR 12’ wide x }” to ?” thick 


Other sizes by request 


For further particulars please write to us at: 

JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
Normanby Park Steel Works, 

SCUNTHORPE, Lincolnshire. 








WHEN THE GOING GETS REALLY rouvcu... 
SSasa__ 


be SAFE be SURE 


and use 


4 Oe 
» 
Reed aR ‘aN Q>, 
x MICS 
A “4 / I Ga ECR 
/ FF, ( y 
; Comma SPOS = Ry 
Pus GY Y ME 
Se er ie oe — i — oe — ; ae 


a ae 
that are proved pe ae 
by performance : 


It is true to say that whenever 
absolute reliability of sleeves is 


requ red Marshall Sleeves are in 





greatest demand. The improved 
“FF sleeve is the product of con- 
tinued practical research over the 


years. It has a high chemical quality 





and is successfully used in all major 


steelworks throughout the country. 








LADL: BRICKS - SLEEVES - STOPPERS & NOZZLES TRUMPETS & PIPES - CENTRE BRICKS & RUNNERS MOULD HEAD BRICKS 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD ® LOXLEY * SHEFFIELD Tel: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 
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An outstanding 


ase History 


% 


present the story of the 
development of ‘Metalkase’ bricks 


1 ‘Metalkase’ « ‘Metalshape’ 
Magnesite Tubes & Bricks 


Metalkase tubes manufactured by O.S.F. Co., under 
British Patent 10598 14, pioneered the development of 
steelclad basic refractories in the U.K. For over forty 
years metalkase and metalshape refractories, due to their 





Experience has shown that the 

performance of metalkase tubes 

and bricks can be further im- 

proved by the use of steel 

high rigidity and spalling resistance, have given out- reinforcement embodied in the 

standing performance in open hearth and electric brick thereby increasing the rigid- 

arc furnaces. ity still further and improving the . 

spalling resistance by reducing [NSN : 

. , , the sectional area. This technique has been dev snoed 

2 Ste : Pe] [ 0 | i 1 1 Uj by STEETLEY and its Associated Companies under 
. British Patents 678637; 690898 and 696311. 




















The use of steel sheet jointing to produce monolithic 
basic brick structures has become an accepted construc- 
tional method. The welding technique now used by 
STEETLEY under British Patent 776528, offers to the 
consumer basic bricks either burned or chemically bonded 
to which the steel sheet is securely attached as a four- 
sided case. This speeds installation by eliminating loose 
sheets and being more reliable removes the dangers 
during handling which can arise when sheets are attached 
to bricks by adhesive or as clipped-on cases. 








| Md eee Steetley present the culmination 


of their research m ‘Metalkase’ refractories — 


The‘Metalkase’ R. W. Brick (@" 

4The etalkase Ri. W. Brick ( wae 

As a culmination of this development STEETLEY now * ~~. 

offer the R.W. chemically-bonded basic brick combining " : 

the principles of welded outer case and internal re- 

inforcement. This brick is available in all the usual 

compositions and types and whilst being suitable for 

every basic brick application it is giving outstanding 

performance in basic open hearth furnace roofs. The | 4 

R.W. brick can be adapted to any type of roof construc- | . | COVERED BY 

tion ranging from the restrained arch between fixed — 

skewbacks to the fully suspended flat roof or arch when | aaa 

the bricks are fitted with suspension lugs by extending 690898 

the reinforcement according to British Patent 638767. SS 696311 
776528 


R.W. Bricks offer — 


Accuracy of size and shape. 
Speedy installation. 

Exceptional mechanical strength. 
Improved spalling resistance. 


Flexibility of application to all forms 
of basic roof construction. 


Prefabricated Sections 
in R.W., brick 


For wall construction the R.W. bricks can be used in- 
dividually preferably as headers or, alternatively, the 
R.W. bricks can be prefabricated into large sections 


with still further saving in installation time. : 
Modern Sprung Roof in 
R.W. brick showing 
hold-up hold-down construction. 





THE STEETLEY REFRACTORY BRICK DIVISION 


THE OUGHTIBRIDGE SILICA | THE CLEVELAND 
FIREBRICK CO. LTD MAGNESITE CO. LTD 
OUGHTIBRIDGE near SHEFFIELD NORMANBY BRICKWORKS, NORMANBY, MIDDLESBROUGH 


Phone: Oughtibridge 2311 Grams: Silica Phone, Oughtibridge | Tel: Normanby 255-7 





INDEPENDENT INTERDEPENDENCE 


The GKN Group believes strongly in what the economists call vertical integration. 

Expressed more simply, this means doing the job yourself from start to finish. 

The Lysaght companies provide a good example. 

Lysaghts begin with ore. They mine it ; they produce steel ; they operate rolling mills and 

rod mills ; they have press shops and galvanizing plants ; and they market steel in sheet 

form and as finished products — principally wire netting, link fencing and farm buildings 

and equipment. Can integration go farther than this ? It can and does. Lysaghts are 

also constructional engineers for such projects as power stations, gas works and factories. 
They design them, they fabricate the steelwork for them and they erect them. 

Such relative independence is not unusual in the GKN Group. But, allied to it, there is a strong 
measure of interdependence between companies. What one cannot do, another can—-and what 


all can do together is to provide a service in steel as complete as you will find anywhere. 


| ] [N 
THE f k GROUP OF COMPANIES 


FOR ANYTHING AND EVERYTHING IN STEEL 


GUEST, KEEN & NETTLEFPOLDS, LTD., HEAD OFFICE, LONDON WORKS, SMETIIWICK 40, STAFFS 
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HEBBURN ON -TYNE 


f ld, 


+ 


TEXOLEX mitt Bearines 


THE BUSHING COMPANY LTD. HEBBURN ON TYNE 


TELEPHONE: HEBBURN 83-2241 * TELEGRAMS BUSHING HEBBURN 


Augu 





Pantin design and manufacture heavy duty 
mechanical handling plant for the Iron and 


Steel Industry. 


This ‘Upender’, for example, was made to 
simplify and expedite the handling of coiled 
steel. With the utmost ease it takes coils up 
to 15 tons (max. dimensions 6’ diam. x 6 
wide) and lays them on a Pantin Pallet Con- 


veyor for movement to the next station. 


Pantin Handling Equipment covers every 
requirement, including upending and down- 
ending, tilting, hoisting and conveying of 


coils and sheets. 


We are always pleased to discuss, advise 
and co-operate on the design of handling 
systems and shall be glad to send you details 
of Pantin Conveyors and Handling Equip- 


ment. Please write for illustrated brochure 


W & C PANTIN LTD CENTRE DRIVE EPPING ESSEX Telephone EPPING 2271-4 


ASSOCIATED COMPANY THE BRITISH MATHEWS LTD 
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An 1859 achievement 








ting a 75 diameter 
for San Francisce 
nm 1RSYU 


and still 


leading in 1960 


With a background of over 100 years in steel foundry 
practice, English Steel Castings Corporation Ltd., 
produces a wider variety of steel castings than any 
other steel foundry in the world (from a few pounds 


to 185 tons individual weight) and operates the most 





comprehensive plant in Europe 


Pouring 142 ton Steel Casting using three 


ladies simultaneously tn 1989 


ENGLISH STEEL CASTINGS CORPORATION LTD 
River Don Works, Sheffield 


August, 1960 











Greater safety for hands 



































TRIUMPHS OF SHELL RESEARCH 


With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to find a new couplingagent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research ts 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 


and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques 

Exhaustive testing of blend stability, emulsion. stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 


most economical and rapid delivery throughout the United Kingdom 


DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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BROWN BAYLEY — 
STEELS LIMITED names 
SHEFFIELD 


| 
} 
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OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 


@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD OTHER SPECIALITIES 
RAILWAY LOADING GAUGE 


@ HOT METAL CAN BE RETAINED IN PERFECT 
CONDITION FOR HOURS 
CAPACITIES FROM 75 TO 160 TONS ee es cn en 


BURNERS MORGAN AIRJECTORS 
@ MINIMUM OF SKULL AND SCRAP LOSSES 


@ MAXIMUM LIFE OF BRICKLINING PER TON OF asennamen WUMAtES Gide Ucn 
HOT METAL 


MORGAN GAS MACHINES SOAKING 
PITS (Isley Controlled) . MILL FURNACES 


NASSHEVER CONTINUOUS BRIGHT 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co. Ltd) 


56 KINGSWAY . LONDON . W.C.2 


Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 








PROBLEM 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size. Shape, Texture and Performance 


PICKFORD HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 


46 


SOLVED 


33921 
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THE COPPEE COMPANY (GREAT BRITAIN) LIMITED 


HOUSE 140 PICCADILLY 


PPE 


TREET 


HYDe Park 680 NEWCASTLE N-TYNE: MAN 








— 


(és [250 tp) 


‘*Who can simplify this equation ?”’ 


“Qh sir, please sir, me sir. You can say 
‘Willans= Special Steels’.” 


‘*Correct, Fishberry. Explain.”’ 


‘Well sir, air melting electric furnaces plus high 
vacuum melting equipment plus lots and lots of 
metallurgical control equals special steels at 250 


tons per month, all to the power of Willans. Isn’t 
that right sir?” 


**Absolutely right, boy. Go to the top of the class.”’ 


“Oh sir! Thank you sir. Same as Willans are sir.” 


Willans in a nutshell G. L. W y L L A N LT D. 


Specialists in special steels. 
All types. 250 tons per month. 


Melting stock, ingots, billets, Steel and Alloy Manufacturers 
bars—standards or to your 


specification. Delivery ?—quick 


Quality ?—excellent. A.I.D., SUSSEX STREET °* SHEFFIELD 4 ° Tel. 24211 
A.R.B., D.I. Arm? of course. 
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another THORNTON contract 


This insulated Transfer Car is one from a large contract 
recently supplied to Messrs. Colvilles Ltd. They are fitted 
with removable covers and insulated for conveying two 20 tons 
hot ingots. The Transfer Cars are made to suit British Railways 
standard gauge. 


If it's a heavy engineering contract — Try Thornton First 


B. THORNTON LTD. 


Turnbridge, Huddersfield Telephone: Huddersfield 7541 
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A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE §.|: 


much to read ind too little time? The answer lies in 
BULLETIN, proved friend of many 


KEI 
This i journal covers 


-odd years 
research, new 


War 
THE NI¢ 
nvaluable monthly 
ract form, new processes, new 
iaterials in everv industrial field. Its contents 


official 
I] 


Full details of original 


learned societies’ and 


are drawn from le 


public ations and the tec hnical press a 


the world 


oOvel 


source are given 


Save time by readir 


THE NICKEL BULLETIN 


yo 7 f 
€a , 


Pleas. 


PHI LLETIN 


NICKEL Bl 


‘AMI 


\\ ADDRESS 
\ 


THE MOND NICKEL 


THAMES H 


COMPANY LIMITED 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





Apply Rust-Oleum 769 Damp-Proof Red Primer 
Directly Over 
Sound Rusted Surfaces 


Just scrape and wirebrush the rusty 
metal to remove rust scale and loose 
rust —then brush Rust-Oleum 769 
Damp-Proof Red Primer directly 
over the sound rusted surface. The 
spectally-processed fish oil vehicle in 
the 769 Primer penetrates through 
rust to bare metal. You save costly 
metal —and you usually eliminate 
costly surface preparation methods. 


Distinctive as your own fingerprint 
There is only one Rust-Oleum 


Save Up To 40% In Re-Coating Metal Fences 
With Rust-Oleum’s Exciusive Extra-Long Nap 
Lamb's Wool Roller 


Roll Rust-Oleum right over the rusty 
metal fence with this new, different- 
type roller. Extra-long nap reaches 
right around wire to coat about 70% 
of the Opposite side of the fence in 
one operation. Rolls smoothly even 
over barbed Gets all of the 
material on the fence —not on the 
workers, not on the ground. Ask for 
a demonstration! 


Wire 





Rust-Oleum Galvinoleum® Coatings Really 
Stick To Galvanized Metal Surfaces—Without 
Etching, Without Weathering 


Proved throughout industry in the 
U.S.A. —this exclusive Rust-Oleum 
development eliminates “paint peel- 
ing problems” on galvanized metal 
Apply Galvinoleum over new or 
old, unpainted galvanized surfaces 
—without etching or weathering 
Available in four attractive colors 
Red, Gray, Green, Metallic 


for gutters, roofs, siding, etc. 


Perfect 


Manufactured in the U.S.A. and proved throughout industry for over 35 years under the exclusive Rust-Oleum formula by 


RUST-OLEUM CORPORATION, 2718 OAKTON STREET, P.O. BOX 32, EVANSTON, ILLINOIS, U.S.A 


Also processed in The Netherlands, in exact accordance with the famous, original 


and exclusive Rust-Oleum formulations by 


RUST-OLEUM (NEDERLAND) N.V. 
Paul Krugerkade 10, P.O. Box 602, Haarlem, The Netherlands 


Excellent stocks for immediate delivery from 


MESSRS. STEDALL & CO., LTD. 


192-204 PENTONVILLE ROAD 
LONDON, N.1 


Ai gust, 1960 


Gentlemen 


ATTACH COUPON TO YOUR BUSINESS LETTERHEAD AND 
MAIL TO RUST-OLEUM DISTRIBUTOR SHOWN AT LEFT 
Please 


send me the following at no cost or 


Oleum Catolog with actuc harts 
Proof Red 


ind rusted 


e of Rust-Oleum 769 Dom; 
ed directly over so surfaces 


ormation on Rust-Oleum Galvinoleum 


ating C galvanized metal surfaces 


Complete information on the Rust-Oleum Extra-Lona 
Nap Lamb's Woo! Roller 
Pleose have your Ret 


Rust-Oleum 


resentative ca to demonstrate 


Ser Se SSS VSS SSS SSS See eee eee eee eo 





HOT ROLLED STEEL BARS 


Round * Square « Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 


STEEL HOUSE KING EDWARD HOUSE 50 WELLINGTON STREET CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 


Telegrams Telegrams Telegrams Telegrams 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 


Telephone Telephone Telephone Telephone 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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ty 


HIGH EFFICIENCY 


GAS CLEANING 


ferro-manganese gas from blast furnaces 


Companies Limited 
has a tota 


4,200,000 


W.C. & CO. LTD. 


Gas Cieaning Division Telephones: Huddersfield 5280 
TURNBRIDGE London: Victoria 9971 
HUDDERSFIELD Birmingham: Midland 6830 





AERIAL VIEW OF THE UNLOADING WHARF —Photograph 


WIRE RODS 

IN ALL QUALITIES 
JOISTS ANGLES 
CHANNELS TEES 


LANCASHIRE STEEL MANUFACTURING COMPANY LIMITED 


(HEAD OFFICE:) 
ee WARRINGTON Telegrams: 


LANCASTEEL 
WORKS: IRLAM & WARRINGTON 


KINNAIRD HOUSE, PALL MALL EAST, S.W.! e: WHITEHALL 7515 





OTHER 
PRODUCTS 


BASIC PIG IRON 
FERRO-MANGANESE 
TUBE STEEL 
SQUARES 
ASH AND GLAZING 
SECTIONS 
HAMMER-LOCK 
TRUT 
MILE TEEL AND 

BALING HOOPS 


CABLE TAPE 


COKE OVEN 
BY-PRODUCTS 
IRON, STEEL 

AND NON-FERROUS 
CASTING 

CONCRETE FLAGS 
KERBS ET 


er oll 





LANCASTEEL, LESQUARE, LONDON 
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h-frequer 


urnace 





High Speed and High Output are the key feature installation that pays for itself a very short time 
in the medium and smaller range of furnaces offered of electric arc 


by G.W.B. Furnaces Ltd. Many vears are behind 
Arc Furnaces of Demag and 


The proven economies of operator 


furnaces offered by G.W.B. have earned an eny 


n, and a few of their outstanding features 


Mavic 


both the Coreless and reputatio 
are 
} 


Lectromelt designs 
Separately mounted roof lift and swing mechat 


ire finding wider and wider 


WwsmM 


Daily, electric furnaces < 
and the coreless induction Four point roof suspension of the 


an ideal medium for 


for top charging 
‘ 


applications (crucible) 
type IS no exception as it Is roof ring; Electrode holders of the power operated, 
melting steel and tron, and all other metals. It is spring-held, air release type: High speed movement 
particularly advantageous in steel works where a of the electrodes; Offset rocker 
| furnace from extreme tilt in eve 


charge of scrap of known analvsis is melted and ts 


G.W.B. FURNACES LIMITED 
- DUDLEY - WORCS. Telephone: Dudley 55455 


DIBDALE WORKS 
; Wild-Barfield f t i 


ih) 


P.O. BOX 4 
r t (; 








GRIFFIN BRAND 


TEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets — 
Black, Galvanised, Flat and Corrugated. 








We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 








*& Metal Spraying by the most up-to-date 
methods done in our works or “‘in situ’’. 





Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 











‘Smith and McLean Ltd. 


i: 179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 ‘Grams: CIVILITY, Glasgow 
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He turns base metal into gold! 


No alchemist this, but a skilled scrapman in a Ward scrapyard. With his highly 


t 
specialised experience, he can quickly prepare large masses of scrap for reduction 
to furnace sizes. Not only steel and iron, but all non-ferrous metals are handled 
too, both under strict metallurgical control. At scrapyards all over the country, 
equipped with the most modern plant, Wards handle thousands of tons of 


metal a day, and they are proud to be the leaders in this important industry. 


Hel yng to teed the furnac es W ith carefully graded Scrap 1S only one activity of 
I I 


the Ward Group of Companies whose products and services cover almost 


every branch of industry. 


THOS. W. WARD LTD ‘# 


Head Office: ALBION WORKS, SHEFFIELD. London Office: BRETTENHAM HOUSE, STRAND, W.C.2 
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1650 GPM 
ae ee 
550 GPM 


i el 
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SOLIDS RECOVERY UNIT 


The recent installation of Chemico Venturi Gas Scrubbers at 
a major steel plant in Canada marks the sixth time Venturi 
Gas Scrubbers have been used to prevent an extremely un- 
desirable source of air pollution—Iron Oxide Dust. Chemico 
Venturi Scrubbers maintain leadership in the world’s steel 
industries because they offer wet scrubbing which allows non- 
explosive collection, efficiencies above 99°(, and extremely low 
maintenance. In addition no critical controls are required to 
maintain efficiency and the handling of dust is simplified by 
recovery in a dry form. Chemico Gas Scrubbers are ideally 
suited for Open Hearth Furnaces, Cupolas, Scarfing operas 
tions, Sintering operations, and Electric Furnaces. For further 
information and a copy of a brochure giving full particulars, 


contact the Chemico Gas Scrubber Division: 


CGHEMICO 


CHEMICAL CONSTRUCTION (G.B.) LTD. 9 HENRIETTA PLACE, LONDON, W.!. LANGHAM 657! 


A SUBSIDIARY OF CHEMICAL CONSTRUCTION CORPORATION, NEW YORK, U.S.A. 
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Throughout the steel industry, at home and 
abroad, Brookhirst Igranic equipment controls process 
operations and the flow of raw materials. At the new 
plant of South Durham Steel and Iron Company Limited, 
for instance, Brookhirst Igranic supplied d.c. motor 
control gear for soaking pits, the slabbing mill, light and 
heavy shearing lines, and d.c. and a.c. electrical charging 
control gear for the blast furnace. 


There can be no finer tribute than this to the quality and 
reliability built into Brookhirst Igranic control. 


BROOKHIRST IGRANIC 


Sales Headquarters: BEDFORD WORKS: BEDFORD boise: CHESTER & BEDFORD 
Area Offices: BIRMINGHAM e¢ BRISTOL ¢ CARDIFF ¢ EAST ANGLIA © GLASGOW e¢ LEEDS 
LONDON ¢ MANCHESTER ¢ MID-SOUTHERN * NEWCASTLE ¢ NOTTINGHAM © SHEFFIELD * BELFAST 


Metal Industries Group Makers of Britain’s widest range of electrical control and associated equipment 
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These installations are fully automatic or suitably equipped for rapid conversion to fully automatic operation. 


otimmermann § Zansen GmbH. Dueren 


Representatives in Great Britain and Ireland 


D.M.M. (MACHINERY) LIMITED, Univer sal House, 60, Buckingham Palace Road, London, S.W.1 


PLEASE ASK FOR OUR PUBLICATIONS 1026, 1028 AND 1029 
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Where there are Steelworks 
Foundries and Mills... 


f EO, 
Pi r :, os. 


~— 


, 
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... there are COWANS SHELDON cranes 


and general purpose 
steelworks handling equipment 


General Purpose overhead 
travelling cranes to Steelworks 
and B.1.S.R.A. specifications 


GOLIATH CRANES - DIESEL RAIL CRANES 
HEAVY-LIFT DIESEL RAIL CRANES 
WAGON TURNTABLES AND TRAVERSERS 


COWANS SHELDON 


COWANS SHELDON & CO LTD 
CARLISLE ENGLAND Telephone: CARLISLE 24196-7 


London Office: AFRICA HOUSE KINGSWAY WC2 Tel: Holborn 0268 P4149 
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On a mill producing large 
electric resistance welded 
mild steel tubes 


This interesting plant at Tube Products Limited, 
capable of making Electric Resistance Welded mild 
steel tubes up to 55” diameter and over }” thick, is the 
largest and most up-to-date E.R.W. mill in Europe. 

The plant, made for continuous production, was 
designed and constructed by the firm’s own engineering 
department. 


Above can be seen the forming-roll unit equipped 


with Timken bearings, while on the right the partially- 
formed strip is seen passing between the horizontal 
forming-rolls running in Timken bearings, mounted as 
shown in the drawing. 

The lower view shows the welding stage of the 
E.R.W. process and here again the main spindle carrying 
the electrodes runs in Timken bearings. 

British Timken, Duston, Northampton, Division of 
The Timken Roller Bearing Company. Timken 
bearings manufactured in England, Australia, Brazil, 
Canada, France and U.S.A. 


REGISTERED TRADE MARK 


tapered roller bearings 





Group 
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united to serve the world demand for Steel 


COLVILLES LTD. 


THE CLYDE ALLOY 
STEEL CO. LTD. 


THE ETNA IRON & 
STEEL CO. LTD. 
THE LANARKSHIRE 
STEEL CO. LTD. 








SMITH & McLEAN 
LTD. 


In Scotland, Colvilles are engaged on a vast development 
programme. By 1963 ingot capacity will be raised to 
3.3 million tons per annum, and the Group will produce 
in their modern mills the full range of steel products— 
heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 


‘| THE COLVILLE 


1 | GROUP OF COMPANIES 


COLVILLES LTD 195 West George Street Glasgow C.2 
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Economic forging 


Rigidity combined with ruggedness make 
for low stresses in the crossheads and co- 
lumns « Electrically operated oil - hydraulic 
control system and automatic planishing 
stroke device with adjustments for length 
and number of strokes and operating level 
reduce pressure water consumption and pro- 
vide for ready adaptability to the require- 
ments of the forging programme « Sensitive 
control and large number of strokes result 
in higher forging precision, reducing machin- 
ing costs and increasing output. 


DOLLERY & PALMER LTD - 54, Victoria Street LONDON SW 1 - Lydgate Lane SHEFFIELD 10 
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otress Relieving Furnaces 


We have a wide experience 
in the design and installation of 
large bogie hearth furnaces for the 
general heat treatment of fabrications, 
alloy steel castings and ingots. 
Capable of taking loads up to 250 tons, 
they can be fired by towns gas, 
clean producer gas or oil 
and with full instrumentation 
a minimum temperature variation 
is possible throughout the chamber. 


By kind permission of Steel, Peech & Tozer 








WINCOTT FURNACES, , 


AWS 





G.P. WINCOTT LIMITED SHEFFIELD, ENGLAND 
Telegrams: WINCOTT, SHEFFIELD. Telephone: 202I/2 
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SENDZIMIR Cold Strip Mills 


For rolling all types of ferrous and non-ferrous metals up to 120 inches wide 


Sendzimir Mills are built under licence by Robertsons. 
They have constructed all types of these mills (Strip Mills, Sheet Mills 
and Planetary Hot Mills) and have the specialist knowledge 
and skill so essential for the accurate machining to the very closest 


tolerances demanded in their manufacture. 


The main advantages of Sendzimir Cold Strip Mills are as follows 
Large reduction at each pass Small work rolls render use of tungsten 
Freedom from strip crown and edge cracking carbide rolls economical 
Extreme accuracy of gauge Quick and easy roll changes 
High standard of surface finish Economy in maintenance 





Illustrated is a Sendzimir 
Cold Strip Mill for rolling 
stainless steel strip up 

to 50 inches wide 


W. H. A. ROBERTSON & CO. LTD - BEDFORD - ENGLAND 





LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES AND THE TORRINGTON METAL WORKING MACHINERY, 


August, 1960 





nonpareil 


Wrages of Sheffield were 
pioneers in the manufacture 
casting pit refractories, and 
have always concentrated the 
efforts in this field. The 

results of this specialisation can 
readily be seen in, for example, 
this nozzle—in which only 

the finest materials have been 
used for reliability and general 


all-round efliciency. 


Our Pallet Service 
LADLE LINING BRICKS 


minimises the 


SLEEVES risk of 


lamage in 


STOPPERS lransil saves time and 


trouble in handling. 
NOZZLES 


Particulars sladl, sent 
PRUMPET BELLS ; on request. 
PRUMPET GUIDES 


CENTRE BRICKS 


INGOT FEEDER TILES 


woumcs  Wraggs of Sheffield 


for reliable casting pit refractories 
THOS. WRAGG & SONS (SHEFFIELD) LTD. LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 


68 JOURNAL OF THE IRON AND STEEL INSTITUTE 





THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens London SW1 


Council and Officers 


President \\ 


Past-Presidents 
Phe Rt. Hon. the Earl of DupLEy 
Sir Andrew McCancer, b.se 
J. R. Menzies-Witso O.B. 
Ri hard Ma Hiet BLM 


Honorary Treasurer %1 


Vice-Presidents 
William Charles 
Sir Charles Fk 


Edward Thom 


John Harolk 
William 
Léopold Bo 
Donald Frase 
Alfonso de 
Wilfred J 


Secretary K. Hea 
Deputy Secretary Pos 


Assistant Secretary HH. F. Crerre 





SECOND 
NSTALLATION 
NOW UNDER 


CONSTRUCTION 








Woodall-Duckham has received the order for a third 
installation of Coke Ovens and By-Product Plant at the 
Ravenscraig Works of Colvilles Limited. It will comprise 
two batteries of 35 ovens with complete coal and coke 
handling systems and an extensive indirect by-product 
recovery plant. 

By the end of 1962 six batteries will be in operation at 
Ravenscraig, with a total carbonising capacity of 

some I3 million tons of coal yearly. 


WOODALL DUCKHAM 


CONSTRUCTION COMPANY LTD 


A pemnenen OF Yee Woodall-Duckham House, 63/77 Brompton Road, London, S.W.3 
WOODALL-DUCKHAM GROUP Phone: KENsington 6355 (14 lines) 


OF COMPANIES Grams: Retortical (Southkens) London. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





AUGUST 1960 Volume 195 Part 4 


Journal of 


The lron and Steel Institute 


Contents 


EDITOR THE IRON AND STEEL INSTITUTE 

K. Headlam- Morley Report of the Annual General Meeting 1960 

VANAGING EDITOR aw . 

= R Mort. 2 a ‘i Phe adherence of oxide films on metals 

; d ; R F. Tylecote 

EXECUTIVE EDITOR a 

A ais te The physical metallurgy of 12°,chromium steels 
{ J reine Ds (rou ane y” $ ~ckering 

PRODUCTION EDITOR A. F. drei D. J e,and F. B. Puck / 

K. J. D. Harvey, B.A. Under hearth cooling for blast-furnaces 


kb M Sanne) 


Effect of Al and N on the occurrence of intergranular fracture 
in steel castings 

Editorial and Advertisement Offices B.C. Woodfine and A. G. Quarrell 

4 Grosven sardens > 

3 —— Practical estimation of Composition balance and ferrite 


SLOane 006] 


Tel é, content in stainless steels 
eleqrams rosamente 


L. Pryce and K.W fidrews 


\ radiochemical investigation of the combustion method tor 
the determination of sulphur in cast iron 
Nubscreptions R ( Rooney and FF Scolt 


Members: fre« Serrations in the stress strain curve of cold-worked 301] 
Extra copies: prices on application stainless steel at 20 KX 
Non-members: £12 per annum J. F. Watson and J. L. Christian 
Single copy: 25a 
Packaging and postage Is per copy BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 
The notch ductility and tensile properties of some synthetic 
mild steels 
A M Sage and F E. L Cople U] 


CORRESPONDENCE ON PAPERS 
\braham Darby and the beginnings of the coke-iron industry 


H R Schubert 


© The Tron and Steel Institute 
Published monthly 


DISCUSSION ON PAPERS 
Discussion at the Autumn Meeting 1959 on 
Forging 


he Institute as a body is not 


responsible for statements made or 


Carbides and nitrides 
OPINione € x pressed in papers, articies, 


Controlled-transformation stainless steels 
or discussions appearing in the Journal 
Fuming in steelmaking furnaces 


Tempering 


of The Iron and Steel Institute 


News 475 Translations 47S Abstracts 474 


THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens London SW1 








STEEL PLATE FOR BRITISH INDUSTRY 





DAVY-UNITED 


333/DU 








H. BULL, D.Met., F.1.M. 


HARRY BULL was born in Sheffield in 1893 and began working in the 
laboratory of Wm Jessop and Sons when he was 13 years of age. 

He studied at evening classes in Sheffield, and his early contacts included 
Arnold, Ibbotson, Brearley, and Hatfield. He was awarded an Associate- 
ship of Metallurgy at the University of Sheffield in 1918. 

Dr Bull gained wide theoretical and practical experience by working 
with a number of Sheffield firms before joining Brown Bayley Steels Ltd 
in 1924 as chief chemist. In 1937 he became works manager and later 
works director and joint managing director. He was appointed managing 
director of Brown Bayley Steels in 1951, a post he resigned in April 1959 
although he remains on the board. 

Dr Bull's lifelong interest in education has ranged from the training 

of steelworks operatives to the work of university postgraduates. In 
recognition of this, as well as his direct contributions to the iron and steel 
industry, Sheffield University awarded him the honorary degree of 
Doctor of Metallurgy in 1959. 

In 1946 Dr Bull was elected a Fellow of The Institution of Metallurgists. 
He has been a member of The Iron and Steel Institute since 1918, and 

as president of the Sheffield Society of Engineers and Metallurgists for 
1959-60 he served as an Honorary member of the Council of the Institute. 





H. Bull, D.Met., F.1.M. 
Honorary Member of Council, 1959-60 





PROCEEDINGS OF THE INSTITUTE 


Report of the Annual General Meeting 1960 


The Ninety-first Annual General Meeting of The Iron and Steel Institute was held on 
Tue sday, Wednesday, and Thursday, 3, 4, and 5 May 1960, at The Royal Common- 
wealth Society, Northumberland Avenue, London WC2; Caxton Hall, Caxton Street, 
London SW1, and Church House, Great Smith Street, London SW1. Mr W. Barr 
O.B.E., the Retiring President, was in the Chair at the beginning of the Meeting, his place 
being taken later by Mr W. F. Cartwright, D.u., 3.P., the new President 


, 


Minutes of previous Meeting use of coke in ironmaking by Abraham Darby at Coalbrook 
dale. The Affiliated Le tb SOK ties had beet er ictive anda 


number of good joint meetings had been arranged 


rhe minutes of the previous Meeting held on 2 December 1959 


were taken as read, and were confirmed and signed 
The Journal had been published as usual. The printing 


dis} ute in the summer had caused some delay which had not 


Weicome to members and visitors 
Che President, on behalf of the 


hearty welcome to Members and visit 


vet been entirely overcome The Journal would be larger than 
usual during 1960, because papers and abstracts were to be 
published in the test practicable time. This 


distinguisl ed members and visitors fror £4000 


was delighted that they had honoured 


Meeting and hoped that they would enjoy bh] ‘ 
publication 


) ranslati { Journal Stal had been 
Obituary cen. Thi ¥ rove i ion iat ind justifiable 
The President announced the names of Members who had died 
He referred in particular to the passing of Dr C. A. Edwards 
F.R.S., who had died on 29 March 1960. Dr Edwards had first 
become a Member of the Institute in 1907, and had served on had been made available at very rea 


. \ ‘ wstract ,00k tle ( 
the Council from 1937 to 1946. He had been Professor of ane dees a new Al . and J ” le Index 
Service had been started, which would enabl 


» British Tron and Steel Industry slation Service had 


continued to be very active, and again nearly 400 transhk 
, 
yh ‘ 


Metallurgy at University College, Swansea, from 1920 until 


7 ~ ’ or " to he . latte » Subs bers 
he retired in 1947, and Principal of the College during the last n a card, made available t “ieee ‘ 


of those 20 years. In 1930 he had been elected a Fellow of thy ly than they could be printed in the Journal. The numb 


2oval S ety of subscript ns already received indicated that this 
2ovi or i 


The Meeting, at the invitation of the President, stood u was likely ' ! nsiderable value 


silence for a few moments as a token of re spect The Joint Library and Information De -suideucaary 
operat ng under con iderable diffieu 

‘ turbance 1 en v building 

Presentation of Report of Council and Accounts 4 ( 
The President then presented the Report of Council for 1959 — addition 
ind the Statement of Accounts (J7S/, 1960, 195, May, 1-12 and for 
und moved thei adoption been re 


ip had continued to increase. With a total of 5204 


sTOSN 


ice 


er 100 more than the previous year Preside 
Successful Annual and Autumn Meetings had been held in MrM 
London. The Special Meeting on the north-east coast in July Miss ¢ 


had been memorable for excellent organization and su 
hospitality 
The 12th Hatfield Memorial Lecture had been given in 
Sheffield by cademician G. \ Kurdjumov (Central Research lose associat 
Institute for Ferrous Metallurgy, Moscow The Engineers Association, the 
Group had held a series of interesting meetings, including Affiliated Local S 
visits to Holland in April and to Glasgow in October. The Institution of Metall 
Powder Metallurgy Joint Group had held two excellent Council thought th 
meetings in London; they were grateful to the Secretary of The which catered for the » of me ist 
Institute of Metals for organizing those on behalf of the Joint able 
Committee. An interesting meeting had been held in Sep During the year the Newport and District Metallurgical 


tember to commemorate the 250th anniversary of the successful Society, which had attained its 25th birthday, decided to take 
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steps to establish a permanent memorial to Sidney Gilchrist 
Thomas. It was curious and deplorable that there was no 
sufficient memorial to Thomas and to his cousin, Percy Carlisle 
Gilchrist, in the UK. The steel industry of the world owed these 
great men an overwhelming debt. By their invention of the 
basic lining they had liberated for profitable use the major 
phosphoric ore deposits of the world. The Council had there 
fore been pleased to support the initiative of the Newport 
Society. A granite obelisk was being erected in South Wales 
near the site where the first works experiments with a con 
verter had taken place, and it was proposed to set up a scheme 
of travelling scholarships. Some companies had contributed 
generous surms of £500 and £1000 each. He hoped that others 
would follow suit, and that this appeal would have the support 


of the steel industry in Europe, in the USA, and elsewhere. 
rhe German steel industry had made a very generous contribu- 
tion of 5000 marks (over £4000) and he took this opportunity 
of thanking them publicly. 

The Honorary Treasurer (Sir Julian Pode) presented the 
At the Meeting 
last year the President had indicated that in 1960 there might 


Accounts and seconded the President’s motion 


he a deficiency of £4000. In the event, it was considerably less. 


From | January 1960, increased subscriptions had become 


payable, and as a result it was estimated that there would be a 
small surplus at the end of the financial year 1960, amounting 
to £2000, plus £1000 contingencies. 

from | January 


had 


would cause additional expense which had been 


As was shown in the Accounts, 1960, a more 


rodern superannuation scheme been arranged for the 
staff, and thi 
taken into account in the estimate which he had quoted for the 
future year 

Sundry creditors and debtors showed a substantial increase, 
delavs caused by 


during 1959 


the result of the dispute in the printing 


industry 
, 


The motion for the adoption of the Report of Council and 


the Statement of Aecounts was carried unanimously. 
Presentations 
Bessemer Gold Medal 


The President announced that 


1960 had been a 


Gold Medal for 
Hermann Schenck of 


of his distinguished contributions to 


the Bessemer 


warded to Professor Dr 
nittotr 


ch, and with special reference to his 


into the physical chemistry of steel 


Schenck, after a distinguished early career, was 


f Metallurgy at the Technische Hochschule, 


ince 1950 he had been President of the Verein 


usenhuttenleute. Among his many 


published 
and technical works, first place should be given to 
The introduction to the physical chemistry of 
1932-4 


woblems of liquid iron and steel and their 
} 1 


This was the first book ever 


elmaking’, 
» deal 


written in 
with 
tions Vv slag, and thus Professor Schenck had been 
to synthesize the whole field of steel 
viewpoint. The 
Italian. The 
English edition, translated by Dr Goldschmidt, was published 
n 1945 by BISRA 


Professor Schenck’s contributions and 


one of the first to try 


making reactions from the 


thermal—dynamic 


book had been translated into English and 


services to the iron 
world had been widely 
recognized, He was ati Honorary Member of the American 
Metals, American Mining and 
Me tallurgic al Engineers, the Iron and Steel Institute 
Meétallurgie. He 


L958 by 


ind steel industry in many parts of the 


Society for the Institute of 
of Japan, 
had 


the Berlin 


the Société been 


Pech 


Société Frangaise de Métal 


and Francaise de 
Doctorate in 


1O50 the 


awarded an Honorary 
nical University, and in 
lurgie had presented to him its Grande Médaille. This year it 


was the Institute's turn to honour Professor Schenck, to whom 
the President presented the Bessemer Medal. 

Professor Dr Hermann Schenck thanked the Council for the 
honour conferred upon him and conveved to them the greet 
ings and good wishes of their German colleagues in the Verein 


Deutscher Eisenhiittenleute. For many years the two societies 
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had been working together to attain the same objective, the 
exchange of experience and knowledge which results from 
dealing with iron and steel. Unless geographical and political 
frontiers were transcended by scientific discussion of prob- 
lems, great progress would not be possible. Collaboration 
between scientists was often more unselfish than that between 
politicians, and contributed to the well-being and security of 
the world. Common interests had led to friendship between 
The Iron and Steel Institute and his own Society. 

He deeply appreciated the very high honour and offered his 
warmest thanks to the council of the Institute. 


The Sir Robert Hadfield Medal 

The President announced that the Sir Hadfield Medal 
for 1960 had been awarded to Dr J. C. Hudson, of the British 
Iron and Steel Research Association, in recognition of his long 


Lobert 


and distinguished work in the field of corrosion of iron and 
steel. 

Dr Hudson was well known as head of the BISRA Corrosion 
Section, and this was the second major award bestowed upon 
the past six November 1959, the 
American National Society of Corrosion Engineers had given 


him within months. In 
him an award in recognition of public contributions to the 
field of corrosion engineering. 

Dr Hudson had had a distinguished career. After obtaining 
a degree and Associateship at the Royal College of Science, he 
had undertaken research in physical chemistry. This had led 
to his appointment as investigator to the Atmospheric Sub 
the British Non-Ferrous Metals 
Association. The results of that work had been published by 


Committee of tesearch 
the Faraday Society and formed the basis of a thesis for which 
he had been awarded the D.Sc. degree of London University 
Then he 


Committee of The Iron and Steel Institute, and had continued 


became investigator to the newly formed Corrosion 


in that post when the Committee was taken over by BISRA 
From 1953 to 1955 Dr Hudson had been Chair- 
man of the Corrosion Group of the Society of Chemical In 


12 years ago 


dustry. 

Dr J. ©. Hudson, expressing his thanks to the President and 
the Council of the Institute, said that he greatly appreciated 
the honour that had been paid him 
Robert Hadfield’s interest 


corrosion field, that the medal should have been awarded to a 


It was perhaps not in 


appropriate, In view oft Sir in the 


corrosion worker. He regarded this as a tribute not only to 
himself, but also to the colleagues who had worked with him, 
the President, had 


served on the Corrosion Committee and who had given him the 


the hundreds of people, including who 


utmost possible assistance 


A Williams Prize for 1959 
The President presented a Williams Prize for 1959 of £100 to 
Mr I. M. D. Halliday (United Steel Companies Ltd) for his 
paper on ‘Continuous casting at Barrow’ (JIST, 1959, 191, 
121-163) 

Mr J. M. D. Halliday expressed his thanks for the great 
honour, which he regarded as a tribute to his co-workers, the 


staff at Barrow, and the men who actually worked on that 


plant 


fhlett Prizes for 1959 
The President presented Ablett Prizes for 
to Mr V. Harrison and Mr \V 


(Steel) Ltd) for their paper on 


1959 of £100 eact 


Stephenson (Dorman Long 
‘The new medium-section mull 


Ltd’ (JIST, 


at the Cleveland works of Dorman Long (Steel 


1959, 192, 132 142 


Announcements 
Medal 
The President announced the 
Silver Medal for 1959 to Dr P. R. V. 
College, Swansea, 
USA) for 


austenitic O-76° 


Andrew Carne jie Silver 
Andrew 


Evans (formerly Uni- 


award of an Carnegie 


versit\ and now at Armour Research 


Foundation, The effect of rolling un 


(JISI, 


a report on 


stable o carbon steel at 220—-300°C’ 





1959, 191, 34-44). The co-author, Professor H. O’ Neill, was not 
eligible. Dr Evans was unable to be present at the Meeting 
Retiring Members of Coun 
In accordance bve-law 10 
Vice-Presidents and Members of Council had been announced 
Autumn Meeting 
present Annual Meeting 
Vice MrD.A 
and Sir Charles Goodeve, 0.B.E., F.R.S 
Vembers of Council: Dr J. H. Chesters, Mr F. B 
Mr W. F. Gilbert Dr L. B. Pfeil, r.s.. and Mr R. F 


Summers 


with the names of the following 


at the 1959, as being due to retire at the 


Presidents Oliver, c.B.E., Mr N. H. Rollason, 
George 
son O.B.E., I 
No other members having been nominated up to one month 
previous to the present Meeting, the retiring Vice-Presidents 


and Members of Council were presented for re-election 


the Councd 
last General Meeting 
Honorary Vice-President: Mr G. H. J 
Vember of Council: Mr P. E. Holloway 
Vembers of Counc 
. President 
Bailey, C.B.4 
President of 
. to sueceed Mr K. Hill 
Mr R. Cobill, President of the 
Society, to succeed Mr B 
Mr W. C. Heselwood, 
gical Association, to suc¢ 
of Council 


Professor R. J. Sar 


Changes on 


Since the on 2 December 1959 


hnson 


Honorary 
Sir Ronald Prain, 0.B.1 
in pla e of Mr G. L. 

Mr W. L 


of The Institute of Metals, 


folton. the Leeds Metallurgical 
Society 
Liverpool Metallurgical 
Ryan. 

President of the 


eed Professor A. G 


Metallur 
Member 


Sheffield 
Quarrell 


President of the Sheffield Society of 


Bull 


jant 


Engineers and Metallurgists, to succeed Dr H 


Additional Honorar 
Dr J. Nutting 
Dr W.S. Walke 


Election of M 
The 
Whiting, reported 


duly elected 


scrutineers. Pre sor F. D. Richardson, and Mr A. N. 
that all the ibe i 
They numbered 132 Members 
Associate Members. The total 


The President de 


andidates for met rship ha 
and 46 


membership was now 0204 


ted 


been 


applicants dul elec 


lared the 
President announced t llowing election 
Honorary Member the Institute: Prof. D 
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The adherence of oxide films on metals 


A REVIEW OF INFORMATION 


R. F. Tylecote 


INTRODUCTION 


THE ADHERENCE OF OXIDE FILMS on metals is a subject 
seldom discussed in the now voluminous literature on 
oxidation. Yet it has great technical importance, since 
oxide films which are found to be protective at high 
temperatures over periods during oxidation 
research, are not likely to be of much value industrially 
if this aspect Is neglected 

This paper discusses the relationships thought likely 
to have a bearing on adherence, and directs attention 
to those apsects that seem important and worthy of 
further investigation. It has been restricted to pure 
metals and the simpler alloys and atmospheres because 
it was felt that our knowledge of the adherence of 
scales on complex alloys in industrial atmospheres had 
not reached a stage where any useful assessment of the 
various factors could be made. 


long 


The volume ratio 


The volume ratio, sometimes known as the Pilling 
Bedworth ratio, is the ratio of the volume of oxide to 
the volume of metal from which it forms. Originally 
Pilling and Bedworth! suggested that in cases where 
this ratio exceeded unity the tilms formed under com- 
pression and were protective, whereas if the ratio was 
less than unity the film cracked due to tensile stresses, 
and non-protective or linear oxidation occurred. More 
recent work*» * has shown that this is clearly an over- 
simplification since oxide films on magnesium (volume 
ratio<1) can be protective under certain conditions, 
and films formed on some metals with ratios exceeding 
unity break down 
irregular growth.?. © 
Furthermore, it is not altogether certain that oxides 
with a volume ratio greater than unity form internally 
stressed films In all cases. It would be possible for an 
oxide that grew by outward migration of metal ions to 


giving rise to various types of 


form stress-free layers on the outer surface in the later 
stages of growth. However, it is difficult to see how this 
can be done in the early stages of film formation when 
the oxide film is formed by a growth of oxide nuclei 
within the metal. 

In the ease of oxides in which the volume ratio 
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SYNOPSIS 


The subject of oxide film adherence has been reviewed 
because of its importance in the field of high temperature 
materials. The possible effect of volume ratio, surface 
configuration, and film plasticity have been considered. 
Two othe r factors, the diffu sion mechanism and the rela- 
tive expansion coefficte nts of metal and oxide, have been 
considered important. In the absence of plasticity it is 
felt that adherence at high temperatures is primarily due 
to a balance between inward and outward diffusion of 
metal and oxygen. In non-plastic films differential con- 
traction on cooling can result in the spalling of otherwise 
adherent films IS] 1] 


exceeds unity it would be expected that any effect of 
the volume ratio on adherence would be more apparent 
in oxides such as those on V, Sb, Ta, Bi, Mo, and W, 
where the volume ratios are between 2 and 4, as shown 
in Table 1. In such high 
stresses might exist. 

Taking the example of tungsten, we find that a well- 
adhering oxide film grows steadily up to 700°C. ® 7 
Oxidation is parabolic in dry air,® probably forming 
WO, in contact with the metal surface with a super- 
ficial WO, layer above. While W¢ ), probably grows by 
inward oxygen diffusion, WO, almost certainly does 
so, and becomes powdery above 700°C, Here then, we 
have two factors both militating against adherence, 
i.e. very large volume ratio and inward oxygen diffu- 
sion, and yet adherence appears to be satisfactory up 
to FOO C. 


Cases very compressive 


Vanadium and molybdenum both form volatile 
oxides at high temperatures and therefore cannot form 
very thick films. MoO, and MoO, form on molybdenum 
and adhere well up to 600°C. MoO, melts at 795°C and 
V,0, at 675 °C. 

Very little seems to be known about the oxidation 
behaviour of antimony, and the melting point. of 
bismuth is too low for useful data. Tantalum, however, 
forms very adherent films at low temperatures,® but 
no information is given by Kubaschewski and 
Schneider! on the adherence of tantalum after oxida- 
tion at 1250°C. Niobium at this temperature forms 
very adherent films which can be spalled by impact 





TABLE | Volume ratios 





Meta 


VM 
W 
\ 
la 
Ni 
B 
M 





olny to room ten 


perature ® However 
from the 


lower temperatures there ts a transformation 
form to the stable 
sherent film 


Thus there seems to be no cleat 


metastable form. which ear 


result in a non-ce 
evidence that 


{ 


have any effect on the adherence o 


oxidation 


voiume ratios 
films either at 
temperature after high temperature oxidation 


tempet itures or at roon 


The pre-existing film and phase changes 


During the heating-up of a metal to high temperatures 
for isothermal oxidation, a film will be formed which 
will undergo changes in composition with temperature 
and changes in stress due to expansion of the metal 
relative to the film. Normally the coefficients of 
thermal expansion of the metals are somewhat greate1 
than those of the oxide. and the latter would theretore 
tend to crack. However. this will be to an unknown 
extent offset by the large’ volume ratio of the oxide 
The effect of the pre-existing film was investigated 


by Paidassi'* on iron over the range 400-700 C, and it 


was found that its presence resulted in a considerable 


increase in the weight-gain over the range 400-600 ( 
Phase changes will also cause a change in the dimen 

sions of the metallic substrate which will impose tem- 

porary usually 


film 


stresses compressive. on the growing 
changes can he avoided In some Cases by heating up in 
suitable reducing atmospheres, but in the 
of cases the oxide films are not 
factors have to be considered 


mayority 
reducible and these 


Surface roughness 


Rhodin'* concluded that small irregularities on copper 


but that 
these fissures or cracks had such small dimensions that 


increased the surface area by a factor of 2-45 


thev were obliterated by the growing oxide film during 
the first few minutes of oxidation at low temperatures 
(i.e. by films 100 A thic! 
removed completely by electrolytic polishing 


These irregularities could be 


Paidassi, in his work on iron, assumed that electre 
and the 


polishing was a prerequisite for adherence 


fact that his films are idherent than others on 
iron. of formed 
that his VIew ~ JUSTI 


more 


similar purity and over the same 


temperature 
fied.'*, '4 


range 


suggests 
If surface roughness is having an eflect on adher 
it is probably due to oxide filling cracks in the 
surface and becoming highly stressed due to the effect 
Although this effeet will tend t 
disappear as the tilm thickens, due to the smoothing 
effect noticed by Rhodin, it will leave 


ence 
of its larger volume 


at low te mpera 
tures at any rate, a highly stressed zone close to the 


metal surface (see Fig.la). The compressive stresses 


present in the cracks would not necessarily lead to ex 


foliation as they would exert a keving-on effect 


Any eftects due to pre-existing films or phase 
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ce would 


of the sand then 


asperi 


Eva that internal 


marked in films on finely abraded metal than 


coarsely abraded. which is in kee ping with the effect 


of roughness suggested above 


The effect of film thickness 


Evans!’ has shown that thin oxide films are highly 

ittached to the 

The stress gradient decreases as the 

that the upper layers are rela 

difficult to sec this 
| 


since in the early stages 


stressed in compression on the surface 


metal thickness 
mncreases sugyvesting 
tively stress-free. It is not how 


stress gradient can arise 
film forms by the 


nucle: of oxide within the metal 


of oxidation the enlargement of 


Later growth could 


be stress-free. by the outward movement of metal 


through the film, forming oxide on a free surface 


Many films, such as those of Cu,O on copper at high 
adherent 


comparatively 


temperatures hecome as they 


Such films are unstres 
to their inherent plasticity at high temperatures 
In the 
not possible for a film to inherit a stress normal to the 
interface on cooling. The 


more vTOW 


thicker sed due 


absence of free surfaces such as edges, it 1 


only stress present would be 
i shear stress on the metal-oxide 
In the 


derive a normal stres 


intertace 

majority of cases the film-metal interface wil 
fron the 
films hue to inherent 
However, in thin 
and filn vhich 


presence { edges or 


discontinuities. Thick thei 
stability Wil not easils 
films this stability do 
Possess COMpressiol ses au » differential cor 
traction on cooling 


In the 


would | str uv 1 O impose ter if 


idherent 


» hecome non 


case ol on thin met 


he metal Pr proce 
( ild dissipate 

Due to the formation 
Val wcies in films growin 


at the interface 


the film thickens. But any 


stresse may 
inward diffusion of ox 
The adherence 


temperature alloys seems to be the 


OV an 


of oxidation-re 


adherence seen 
Here there 

ing factors that it is difficult to put 
these 


mechanism. since 
increasing thickness 
Howe vel 


explanation alloy 
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Meta] 


2 Hole formation and subse quent filling by oxidation of remain- 
ing metal conduits 

high strength films in conjunction with subscale. Since 

subscales are the result of oxygen diffusion, they may 

be the seat of considerable stress. 


Dominant diffusion mechanism 

In the early stages of oxidation, coherent films are 
formed as a result of the inward diffusion of oxygen and 
the growth of the oxide nuclei so formed. Further 
growth, in many cases, is maintained by outward 
diffusion of metal ions. It would be expected that, in 
these cases, internal stresses in the vital interfacial 
area would be less than if the film continued to grow 
by inward diffusion of oxygen. However, the outer- 
most layer of metal becomes a metal consumption 
zone, and if growth was wholly by outward diffusion 
presumably it would be possible for the film to lose 
contact with the metallic substrate. In films on copper 
and iron this tendency does arise and holes have been 
formed in the centre of wires. It would be possible also 
for voids to be formed by internal stresses giving rise 
to blisters, and not necessarily as a result of metal 
consumption. 

Dunnington et al.'®, on the other hand, believe that 
the vacancies diffuse into the metal causing the forma- 
tion of holes on the oxide-metal interface to be post- 
poned until the metal itself is saturated. At some stage 
the metal and oxide part company on one interface, 
the resulting hole acting as a sump for the vacancies 
present in the metal and those arriving at the other 
interface. In this way contact can be maintained on 
one metal-oxide interface until all the metal is con- 
sumed. There is no doubt that some such effect is 
operative at high temperatures (>1000°C) on iron, 
but this alone is not sufficient to explain the adherence 
and lack of visible holes on some metal-oxide inter- 
faces at lower temperatures. 

Dravnieks and McDonald!’ consider the formation 
of holes in the base of the film due to outward ionic 
movement, and postulate either the collapse of the 
film into these holes or the filling of them with new 


oxide. The latter process would require the diffusion of 


oxygen inwards or dissociation of the scale at the sur- 
face of the hole causing release of oxygen. 

A consideration of this mechanism shows that as 
soon as large cavities are formed the metal supply to 
the scale is reduced. Dravnieks supposed that thicken- 
ing and oxidation of the remaining metal conduits, by 
diffusion of oxygen inwards, was the most likely so 
that oxide would form and fill the cavities (Fig.2). 
Lattice diffusion of oxygen inwards seems to be very 
unlikely in the majority of oxides, but would be 
possible in the case of CuO, ZrO,, and TiQg, i.e. oxides 
that are believed to have vacancies in the oxygen 
lattice. On the other hand, diffusion along the grain 
boundaries would be possible in all cases. 
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Oxide nuclei 


2FeO—™ 2Fe+O, 


Oxide dissociation and subscale formation below porous laye r 


Most of the work on the oxidation of steels (e.g. 
Pfeil!® and Sachs!*) shows that there is an extremely 
porous scale layer at the base of the scale, the scale 
tending to be less porous as one moves towards the 
oxygen interface. The absence of porosity in the outer 
layers is due partly to the fact that they lie outside the 
metal consumption zone and partly that they can per- 
mit oxygen diffusion inwards. There seems no doubt 
that the Dravnieks mechanism causes porosity in the 
wistite layer, and probably the main reason why it is 
not seen in copper at the same temperature is because 
of the lower strength and the high plasticity of Cu,O. 

The fact that internal oxidation continues to take 
place after films of the metal deficit type such as Cu,O 
and wiistite have been formed, shows that oxygen is 
getting through the scale and through the porous 
layer. The mechanism for getting oxygen through the 
scale is obscure; however, in cases where porosity 
exists in it, it would be possible for oxide to dissociate 
(according to Dravnieks) at the oxide/metal surface, 
and at low pressure dissolve in the metal below it and 
form internal oxide (Fig.3). To do this it must first 
pass through the film by: (a) oxygen vacancy mechan- 
ism (only possible in some oxides), (/) rifts (possible in 
the non-recrystallized zone), (¢) grain boundaries, and 
(d) holes communicating with the outside surface. 
Regarding (d), photomicrographs of oxide films on 
copper-chromium alloys show holes in the Cu,O along 
the grain Fig.4, after Dennison*®). 
Since grain boundaries are zones of misfit it would be 
comparatively easy for the large oxygen atoms to filter 
along them, until they reach a hole where the process 
could be speeded up by oxide dissociation. 

According to Czerski and Franik*! the oxidation of 
99-8°, purity nickel at 1300°C proceeds mainly by 
inward oxygen penetration along the grain boundaries, 
and only 30% of the thickness is due to metal move- 
ment outwards. A similar result was obtained for 
nickel by Ischner and Pfeiffer?* at 1000°C. Czerski 
and Franik also claim that the cracks formed by the 

NiO 
increase in volume fe 

Ni 

duced by the incoming oxygen in the oxide-metal 
interface, and that it is the degree of compensation 
occurring by this process which decides the adherence 
(see Fig.5). Arkharov et al.** are also of the opinion that 
oxygen diffuses inwards towards the NiO/Ni interface. 

Where the grain boundaries meet the oxide/metal 
interface, points of high stress are present due to local 
oxidation of the nickel in this region and the conse- 
quent increase in volume, even when allowance has 
been made for solution of oxygen in the adjacent metal. 


boundaries (se¢ 


=1-6) are filled by oxide pro- 





4 Ovidation of a 1-2°,Cr—Cu alloy at 950 © (after Dennison*™ 

Forces are developed which tear the film from the 
metal at the interface on both the grain 
boundary and facilitate the entry of oxygen to the 
metal surface, which allows the re-establishment of 
contact between the oxide and the metal. 

In the case of copper the tendency to form voids is 
overcome, at least at temperatures in the vicinity of 
1000°C, by the plasticity of the film which allows it to 
shrink-in on the consumed metal. Moore** believes 
that this plastic flow is caused by excess of free energy 


sides of 


due to the coalescence of vacancies at the metal /oxide 
interface. The forces must be very high since a ni- 
chrome wound round a copper 


> 


wire specimen 
found to have its length reduced by 3°,. In the case of 
oxidized phosphorus-containing copper wires, a 
marked segregation of liquid or viscous copper phos- 
phate had taken place in the centre of the oxide wire 
formed.?° 

Uhlig,?® iron containing 2°,Al and 
2°°Si, found a large hole in the middle after oxidizing 
at 1165°C. The existence of this hole can probably be 
explained by the formation of an inner rim of SiO, and 
Al,O, preventing inward plastic movement of the iron- 
rich outer scale. It would be expected that a thick film 
on such an alloy would have poor adhesion. 

Engell and Wever’s?’ results on iron agree with 
other results*!. ** on nickel in that they show that 
inward and outward diffusion seem to be equally im- 
portant at high temperatures leaving platinum mark- 
ers embedded in the oxide near the original interface 
position. However, at temperatures below 800 C the 
markers which Engell and Wever used were main- 
tained in position on the interface, probably by plastic 
oxide flow. 

The conclusion is that there should be no essential 
difference as regards exfoliation between inward and 
outward growing oxides. In the case where outward 
metal diffusion is known to predominate, inward 
oxygen diffusion can fill any holes forming at the 
interface. Where inward oxygen diffusion predomin- 


was 


using wire 


TABLE I! Expansion coefficients 


Tylecote Adherence of oxide films 383 














on of Nia yrding to Czerski and Franikh 


ates stresses can be relieved by deformation or blister 
ing within the film. 


Relative coefficients of thermal expansion 

Exfoliation can either occur upon oxidation or during 
cooling after oxidation. The former 
detected on iron because it often gives rise to different 
proportions of the three oxides in different portions of 
the same specimen. When the film breaks away from 
the specimen during oxidation the supply of metal ions 
to the film is interrupted, which increases the propor- 
tion of higher oxides in the tilm. This is very clearly 
shown by the conflicting results for the composition of 
oxide films on iron at various temperatures. Paidassi*® 
shows that at temperatures from 700 to LOOO C the 
film on pure iron is 95 


process can be 


, Wiistite. Bénard and Coquelle*® 
Ke,0, and Ke,O, at the 
higher temperatures due to exfoliation of the film on 
oxidation, as did Engell and Wever?? for iron wires. 
Many films, which in the case of iron contain very 
high proportions ot wustite the presence ot 
cracks between the film and the metal. These cracks 


obtained large amounts of 


show 


have clearly been produced during cooling, and pre 
sumably arise from differences in the coefficient of 
thermal expansion of film and metal. 

The fact that the contraction of the metal will in 
general be greater than that of the oxide would be 
expected to impose a compressive stress on the latter 
which could lead to exfoliation on cooling, or possibly 
during oxidation due to fluctuations of temperature. 

In general the coefficients of expansion of oxides at 
room temperature are only a little less than the metals 
from which they are formed like 
cuprous oxide where the order of 
magnitude (Table 11). 

Since the oxide film formed on pure copper at 900°C 
is extremely adherent and only comes off after con- 
siderable bending, it would seem that differences in 
coefficients need not be important by 
themselves. The small periodic fluctuations that take 


Cases 


except in 
difference is an 


expansion 





Oxide 
Temperature 
10-¢* 


ient, range, “¢ 


Metal/oxide system Coettic 





Fe/FeO 20) 
100-1000 
Co/Ce Oo, 3 20 900 


( r/Cr,0, , 100-1000 


Cu/Cu,0 
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place during isothermal oxidation using some form of 
on-off control may have an effect in the case of non 
ductile oxides. In the case of thick scales it is probable 
that 
metal interface 


such variations do not penetrate to the oxide 


High temperature plasticity of scales 
\s far as 
cerned the 
eflect 


adherence at elevate d te mpetr itures Is COD 
of the scale bas a 


The tensile strength and ductility of cuprous 


consid I ible 


plasticity 


oxide at elevated has been 
d by the author ind the ductility has been 
shown to be quite considerable when the copper is pure, 
but markedly reduced by small 


impurities 


temperatures ilready 


measure 
ymounts of certain 
These impurities not only embrittle the 
film leading to its exfoliation on cooling, but also cause 
the adherence of the the 
tal is worked at high temperatures 


a reduction in film when 
rhe 

Mackenzie and Birchenall®® have recently shown 
that wiustite has appret iable plastic ity enabling it to 
creep under stress at 900°C. They also showed that 
scales formed in H,-H,O mixtures, consisting only of 
wiistite, adherent; formed in 
oxygen which therefore contained small amounts of 
Fe,O, and Fe,O,, were not adherent. This they ex- 
plained by the inhibiting effect of the more creep 
resistant oxides Fe,O, and Fe,0, on the plasticity of 
wistite, preventing the latter from following up, and 
adhering to, the shrinking metal surface. However, it 
is possible that the low partial oxygen pressure itself is 


were whereas scales 


responsible for the improved adherence since there will 
be a reduction in the relative amount of oxygen diffus- 
ing inwards through the film compared with metal 
diffusing out. The results will be to reduce the stress at 
the oxide/metal interface due to the increase in volume 
on the oxidation of metal in this area 


Metal surface configuration and keying-on of oxide 
Examination of photomicrographs of oxide tilms on 
metals shows marked differences in the nature of the 
oxide/metal interface. In some cases this surface still 
remains smooth after the build-up of a considerable 
thickness of oxide. In others the film is very uneven 
and shows in some cases a strong tendeney to pene- 
trate the grain boundaries of the metal. It would seem 
that this penetration might influence the adherence of 
the film 

The life of a nickel-chromium alloy subjected to 
intermittent oxidation tests at high temperatures is 
influenced by small amounts of silicon and alkaline 
earths. It Lustman*®® and others that 
exfoliation the restriction of outward 
diffusion of nickel by the presence of trace elements in 
the oxide lattice 


1 
oxvgen which causes more 


is claimed by 
iS reduced hy 


marked internal oxidation 

interface which in 
favours the keying-on of oxide. It was also noticed that 
the more resistant the films were to spalling, the 
higher the Cr,O, content of the film and the lower the 
amounts of NiO and NiO.Cr,O,. The latter oxides are 
only formed by the outward diffusion of Ni through 
the Cr,O0,, which process is effectively blocked by the 
ions. On the other hand there 
appears to he some evidence that the presence of Si 


and a rougher metal /oxic turn 


presence of small SI 


and alkaline earths also reduces the rate of continuous 
oxidation, in which case the reduction of spalling may 
merely be due to the existence of a thinner film 
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This favours the inward diffusion of 


Gulbransen and Andrew*? claim that a good crystal 
structure match between oxide and metal is necessary 
for maximum adherence. Photomic rographs of adher- 
ent oxide films on metals often show clearly that re 
crystallization has occurred and there is no structural 
continuity between metal and 


oxide. Only at low 


temperatures or at low oxvgen partial pressul 
there any evidence of such structural continuity 
Roughening of the interface can occur during oxida 
tion due to tensile stresses in the metal brought about 
by films of high volume ratio, such as was found in 
Hérenguel ef al.°> While such films are 


fissured in directions both normal and parallel to the 


Zirconium by 
interface, their general adherence is good. In this pat 
ticular case adherence was probably assisted by a con 
siderable elongation of the metal itself, which has been 
shown to oceur Phal 


to an extraordinary extent by 


9 
} 


nikar and Baldwin 
Wagner? has shown, in a theoretical analysis, how 
the formation of rough oxide/alloy interfaces may be 
explained in the ease of alloys containing noble metals 
Such interfaces are likely to form in all cases where 
diffusion within the alloy is considerably less rapid 
than the diffusion of the less noble metal within the 
oxide. In such cases the interface consists of inward 
protruding sections of the oxide of the less noble metal 
interspersed with slender trunks of alloy rich in the 
more noble metal. Although the degree of adherence 
has not been reported in many of the cases of this type 
examined, there is little doubt that the interpenetra- 
tion of oxide and metal in this way 
provement in the adherence. 


leads to an im 


Effect of purity 
As far as the adherence of films on pure metals is con- 
cerned, one of the most important factors is the degree 
of purity. Small amounts of preferentially oxidizable 
impurities appear to accumulate at the oxide/metal 
interface and tend to increase the stresses at this point 
Whereas films on electrolytic copper and nickel are 
normally adherent after high temperature oxidation 
films on iron are not, unless the iron is of the highest 
purity, 1.¢ spectrochemically pure How this arises is 
clear from recent work by Paidassi#! and Moreau? in 
which the accumulation of the oxides of impurities on 
the interface is shown microscopically 

It is well known that the lower layers of oxide tilms 
tend to have a fine grain-size while the upper lavers 
are coarser. This seems to be due to the accumulation 
of easily oxidizable impurities inhibiting grain growth, 
In the outer layers of the film 
vreater 


where the purity is 
large grains form, although in 
intergranular films rich in impurity elements can be 


some asses 
seen to be present in these lavers.*° 

The fact that 0-04°., of phosphorus can torm a 
phosphate film leading to high temperature weaken 
ing and exfoliation of copper scales on cooling, shows 
how certain impurities can be effective. Small amounts 
of silicon are preferentially oxidized in steels and are 
present in the grain boundaries of the 
fayalite, which forms a low melting point eutectic with 
melting at LI70 C. 


wustite as 
wustite 


The effect of oxidizing atmosphere 
Since adherence is probably the result of a delicate 
balance between hole formation and oxide formation 


on the metal/oxide interface. reduction of the oxygen 





partial pressure might be expected to have 
beneticial effect. although sooner or later the ft 
of holes might weaken the interface mecha 
Wiistite films formed 
HO 
H 


Collongues?® to be adherent 


mixtures 


wise do not produce adherent 
Armco iron. containing 
among other elements 
metal interface containing 
no case, however, did the 
whereas in air, flims o7 
been adherent 
Reduction of the 
dilution with nitrog 
effect on adherence 
ric d t\ the pre pertie 


’ 
steels 44 


COommMmerCia 


The fact that steam—H, mixture produce idherent 


films of wiistite on iron may be due to « 


ociation and 


iy 
the individual effects of hydrogen and oxygen. Both 


gases can diffuse through the tilm. but the small 
amount of oxvgen now available will quickly combine 
with the outward diffusing tron and be incorporated as 
wiistite on the outer surface. When hydrogen is present 
in excess it reduces the wiistite on the outer surface 
but Richardson and Dancy??? found that the resulting 
iron then diffuses back to the oxide/metal interface 
During oxidation, with rather greater oxygen pres 
sures, It 1s possible that the hvdrogen which would 
readily diffuse into the bulk of the film, reduces the 
oxide and so decreases the stresses within it. The 
resulting iron could then diffuse back to the oxide 
metal interface. filling holes left by any outward 
diffusing iron. More probably it would diffuse to the 
outer surface providing some of the iron needed for 
film growth and so slow down the development of a 
porous zone on the metal/oxide interface. Once the 
growth of this zone has been reduced any plasticity 
present in the film would be more likely to make itself 
felt by enabling oxide to maintain contact with the 
metal by a creep process 

How far the adherence of films formed on iron in 
H.—H.,O mixtures is due to the non-existence of the 
stronger and less plastic oxides such as Fe,Q, and 
FeO, has vet to be determined 


CONCLUSIONS 


This brief consideration of the factors that could attect 
adherence of oxide films on metals shows that filn 
plasticity and relative expansion coefficients could be 
important. As far as pure metals are concerned the 
effects of minor impurities and the oxidizing atmos 
phere are very great. 

The diffusion mechanism of oxygen ions inwards or 
metal ions outwards definitely plays an important 
part, and it is considered that, in the main, good 
adherence is the result of a balance between the two 
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The physical metallurgy of 12°, chromium steels 


K. J. Irvine, B.Sc., Ph.D., D. J. Crowe, M.A. (Cantab), A.l.M., and F. B. Pickering, A.Met., A.1.M. 


INTRODUCTION 

STAINLESS STEELS which are commonly used fall into 
several main types with different combinations of 
corrosion resistance and mechanical properties. One 
important type is the 12°,Cr transformable steel 
which is finding increasing applications as a high 
strength stainless structural steel. In a systematic pro- 
gramme of work the structure and properties of a large 
number of 12°,Cr steels have been studied so that the 
effect of alloying elements is known and it is therefore 
possible to develop steel compositions for specific 
applications. 

It is helpful to compare the 12°,Cr steel with the 
other types of stainless steels because the critical 
importance of composition can then be appreciated. 
These different types result from the effect of chrom- 
ium on the equilibrium diagram for the Fe—-Cr—C 
system. One important effect of chromium is, of course, 
that it controls the degree of corrosion resistance. 
Equally important, however, is the effect on the 
equilibrium diagram because this controls the struc- 
ture obtained and hence the mechanical properties. 

An indication of the structures obtainable in these 
steels can be seen from Figs.la and b.! In Fig.la the 
effect of variation in chromium content is shown with 
a constant carbon content of 0-1°,. The most import- 
ant feature of this diagram is the austenite phase field 
since it is only steels which are austenitic at the solution 
temperature which transform on cooling. It will be 
seen that the temperature range of austenite stability 
decreases with increase in chromium content until 
with more than 13—14°,Cr it is difficult to ensure a 
fully transformable steel. Any ferrite which is present 
at the solution temperature remains in the structure 
to reduce the strength and also to detract from other 
properties. Consequently, at a low carbon content of 
about 0-1°,, (which is desirable for ease of welding and 
good ductility) there is a choice between the following 
compositions 

(i) a low-chromium steel (i.e. 1-5°,Cr) which has 

insufficient chromium to provide much increase 
in oxidation resistance, but is transformable 
with increasing hardenability as the chromium 
content increases 
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SYNOPSIS 

The paper details the effects of alloying elements on the 
phase equilibrium, the critical ranges, and the martensite 
temperature ranges, in low-carbon 12°, chromium steels. 
The effect of alloying elements on the tempering charac- 
teristics and especially the secondary hardening charac- 
teristics of 12°,Cr has been considered in detail, with 
special reference to the effect of the alloying additions on 
the formation of the M,X precipitate, The mechanical 
properties of alloyed 12° Cr steels have also 
investigated and it has been shown that secondary 
hardening is accompanied by a decreased proof ratio and 
poor impact properties. Additions of up to 2°,Mo have 
been shown to improve the impact properties, and the 
effect of V has also been considered. Above 0:3°%,V the 
impact resistance has been shown to decrease and for the 


bee nt 


best combination of mechanical properties a 0-1°,C, 
12% Cr, 2°,Ni, 14% Mo, 0-3°,V steel is preferred, but 
where better impact and ductility are require dthe V may 
be omitted. There are two temperature ranges in which it 
is advantageous to temper alloyed 12°,Cr steels, namely 
250-300°C and 600—700°C.. In these te mpe ring tempera- 
ture attractive 
obtained, but tempering in the range 450-500°C has been 
1813 


ranges mechanical properties can be 


shown to be most undesirable. 





(ii) an 11-13°,Cr steel which is fully transformable 
and air hardening up to large section sizes. The 
oxidation resistance is adequate at temperatures 
up to 700°C and there is a possibility of adding 
alloying elements to improve the tempering 
resistance without introducing large amounts of 
ferrite 
a steel containing 17°% or more of chromium 
which will be non-transformable, i.e. fully 
ferritic. Although the oxidation resistance is 
improved, there is now no possibility of obtain- 
ing high tensile properties, except by cold work- 
ing or by the utilization of a precipitation 
hardening effect. 

Of these alternatives there is greatest scope for 
development in the 11-13°,Cr steels, which is the 
reason for the programme of research work which will 
be described. 

One other aspect which must be considered is the 
effect of alloying elements in depressing the martensite 
transformation range. A 0-1°,C low-alloy steel has an 

















Effect of chromium content on equilibrium relationships in 
0-1°.C steels 


M, temperature of about 450°C which means that 
complete transformation to martensite can occur when 
cooling from the solution temperature to room tem- 
perature. There is a decrease in this M, temperature 
when increased amounts of alloying element are added? 
and the M, temperature of a 0-1°,C-12°,Cr steel is 
about 300°C. Since the martensite transformation 
temperature range is about 150°C this still allows com- 
plete transformation to martensite on cooling to room 
temperature. On the other hand, it can be seen that 
the scope for adding alloying elements which will 
depress the martensite transformation range still 
further is limited, otherwise the M, is depressed below 
room temperature and incomplete transformation is 
obtained. As an indication of this effect, the addition 
of 3°,,Ni to a 0-1°,C-12%,Cr steel depresses the M, to 
approximately 50°C and thus represents about the 
maximum addition of nickel that can be made. 

It will be appreciated that providing the martensite 
transformation temperature range is known, trans- 
formation can be obtained by using an appropriate 
transformation treatment, such as refrigeration. These 
steels can then be classified as controlled transforma- 
tion steels and a full description of this type of steel 
has been given recently. On the other hand, if the 
martensite transformation temperature range is so low 
that it is impossible to produce transformation then 
these steels are stable austenitic steels and can be 
used as such. 

These stainless steels, the high chromium fully 
ferritic, the controlled transformation, and the stable 
austenitic, each have commercial applications. It was 
felt, however, that the 12°,Cr type had not achieved 
its full potential because the possible alloy combina- 
tions were not fully understood. There were consider- 
able difficulties in developing suitable steels because 
of the critical nature of the composition. A minimum 
of 11°,Cr is necessary to ensure adequate oxidation 
resistance. To obtain reasonable ductility and impact 
properties and to prevent welding difficulties a low C 


Irvine et al. Physical metallurgy of 12% Cr steels 387 





1b Effect of carbon content 


on equilibrium relationships in 
12°. Cr steels 


content is desirable. The combination of 0-1%C and 
12°,Cr produces a steel near to the borderline of the 
stable austenite phase at solution temperatures and 
with an M, temperature at about 100-150°C. The 
mechanical properties of the base steel can be im- 
proved by the addition of alloying elements such as 
molybdenum and vanadium. Since these are strongly 
ferrite-forming they must be balanced by austenite- 
forming elements such as nickel, manganese, copper, 
and cobalt. This combined alloy addition may then 
depress the martensite transformation temperature 
range so that there is incomplete transformation and 
the mechanical properties are impaired 

It will be seen, therefore, that there is only a limited 
possibility for alloying 12°,,Cr steels and the object of 
the work which is described in this paper was to define 
these limits. 


THE EFFECT OF ALLOYING ELEMENTS ON STRUCTURE 
The most important aspect of structure is for it to be 
free from ferrite at the solution temperature. A solution 
temperature of 1050°C is adequate unless very strong 
carbide-forming elements are used, and consequently 
it is essential to have a ferrite-free structure at this 
temperature. If welding is to be used, however, parts 
of the heat-affected zone will be heated to a higher 
temperature than this so that it will then be necessary 
to study the structure over a wide range of solution 
temperatures. The diagrams in Fig.1 show that the 
austenite phase field contracts with increasing tem 
perature. Consequently, any alloy selected for com- 
mercial development should be well within the austen- 
ite phase field at 1050°C in order to ensure a ferrite- 
free structure at, say, 1300°C. Generally speaking, how- 
ever, most of the preliminary investigation has con- 
centrated on the structures at 1050°C since it is a 
simple matter to modify any selected composition to 
achieve a stable structure at higher temperatures. 
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It was necessary to fix a base composition for this 
work and this was chosen as 0-1°,C, 12% Cr. 0-5°Mn, 
0-259 Si, 0-029 .N. Because of the affinity of high 
steels for nitrogen and the presence of 
nitrogen in ferrochromium it is difficult to obtain a 
lower nitrogen content without a special steelmaking 
practice, and consequently 0-02°,.N represents the 
normal nitrogen content of this type of steel without 
any deliberate alloy additions. The steels used for this 
work were made as 25 or 112 |b air-melted induction 
furnace casts and were then rolled or forged to }-in. 
dia. bar. This material then heat-treated 
before metallographic examination and mechanical 
testing 


chromium 


bar was 


If the microstructure of this steel is examined after 
solution treatment it will be found that there is no 
ferrite after heating for 1 h at temperatures bet ween 
LO50° and 1250°C, there is about 50°, ferrite after 
heating at 1300 C and the structure is completels 
ferritic after heating at 1350°C. These findings agree 
well with the phase boundaries shown in Fig.l. They 
indicate that the base composition is as near to the 
ferrite phase boundary at temperatures between 
1050° and 1300°C as allowable and consequently any 
addition of a ferrite-forming alloying element must be 
balanced by an equivalent amount of an austenite 
forming clement. With a base composition near to the 
phase boundary in this way it is possible to summarize 
the effect of alloying determining the 
increase or decrease in ferrite content produced by a 
unit increase in alloy element. The effect is not always 
linear but a linear extrapolation is sufficiently accurate 
for purposes of alloy development. To determine the 
effect of ferrite-forming elements, small additions were 
made to the base composition since this was already 
a borderline composition. To determine the ettfect of 


elements by 


austenite-forming elements a base composition which 
has about 20°, ferrite at 1050°C is necessary and the 
same composition as the base steel but with 15°,Cr is 
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suitable 


foll ws 


The summary of this part of the work Is as 


( hange in 


delta territe 


for O-] wrt-' 
oo 
| 
i 


> 


Fi and Nb are dithcult to 
because in addition to increasing the territe 


Klements such as ISSCSS I 
this way 
they 
also remove carbon from solution, which has the effect 
the ferrite content still further. This 
effect may occur to a lesser extent with vanadium and 
also with Al 
that the values quoted for these elements are not very 
accurate, but at least they show that there is a strong 
effect. Very approximate assessments of the ferrite 
forming tendencies of Nb and Ti give an increase of 
12°, and 14°, respectively per 1° 


content by their effect on the phase boundary 
of mcreasing 


owing to a combination with nitrogen) so 


, ot element added 

A similar study has previously been carried out on 
the effect of alloying elements ona 17°,Cr-4°,Ni base 
composition. % agreement obtained 
between these two series of results, which indicates 
that they are sufficiently accurate to be used for alloy 
development work. The agreement was best with the 
alloying elements that have strong effects and this ts to 
be expected since some variation is always obtained 


Reasonable was 


with borderline compositions 


THE EFFECT OF ALLOYING ELEMENTS ON 
ISOTHERMAL TRANSFORMATION 

The addition of 12°,Cr to a has a 
marked effect in retarding the ferrite and pearlite 
transformations and also the bainite reaction so that 
the steel is air hardening. There is interest in the iso 
thermal transformation diagrams of alloyed 12°,C1 
steels to indicate the degree of martensitic harden 
ability and the possibility of obtaining pearlitic and 
bainitic transformations. Some typical diagrams are 
shown in Fig.2 from which it is seen that the rate of 
transformation is extremely slow even in the base 
composition Nickel is particularly effective in retard 
ing transformation and when more than L°,, 


low-carbon steel 


Is present 
it is unlikely that any appreciable amount of trans- 
formation will occur even during prolonged heat-treat 
ment at 700 C. The commercial aspect of this is that 
while there is little difficulty in obtaining complete 
transformation to martensite even with air cooling in 
large section sizes there is likely to be considerable 
difticulty in softening for machining or fabrication 
Another interesting feature of the transformation 
diagrams of this type of steel is that there is a tendency 
for carbide precipitation to occul pearlite 
formation. Figure 3 shows this effect in a 12°,,Cr-Ni 
Mo-—V steel. The optical micrograph (a) indicates a 
small amount of transformation after 65 h at 650° ( 
but the electron micrographs show that a grain 
boundary network of carbide has precipitated before 
the formation of some very coarse pearlite (b and ¢) 


betore 





Since this precipitate could have an adverse effect on 
ductility it indicates that prolonged heat-treatments 
of this ty pe (or extremely slow furnace ce oling) should 
be avoided. There would appear to be no possibility of 
obtaining bainitic transformations in these steels. The 
reduction of chromium locally due to the precipitation 
of grain-boundary carbide, raises the M, and also gives 
plates of autotempered martensite adjacent to the 
grain-boundary carbide (d) 


THE EFFECT OF ALLOYING ELEMENTS ON 
TRANSFORMATION TEMPERATURES 

There is particular interest in the effect of alloying 
elements on the A,, and M, temperatures. The A,, 
temperature has a direct bearing on tempering treat 
ments. It will be seen later that tempering in the range 
600-700 C is necessary in many 12°,Cr steels to obtain 


a optical micrograph 1500 


3. Microstructures of isothermally transformed specimen of 0-1, 


6 electron micrograph show: 
d electron micrograph of autotempered martensite adjacent to grain-boundary carbide 
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the best combination of mechanical properties Kur 
thermore, prolonged tempering at 700-725 C is the 
best way in which the steel can be softened for machin- 
fabrication. The A,, 
composition is about 740°C and some alloy additions 
depress this 


ing Ol temperature of the base 
undesirable 
during tempering it is necessary to know the effect of 
different alloying elements on the A, in order that a 
limit can be set to the tempering temperature for any 
particular steel. Preferably the <A,, 
should not be less than 700°C 

\s it is the effect of the A,, on the 
tempering which is of great importance, dilatometric- 
ally determined A,, points little information 
about the probability of re-austenitization during 
tempering because of the greater approach to the equi 


We 


Since re-austenitization 1s 


temperature 
response to 


vive 


librium condition during isothermal tempering 


~~ 
ie 





d 


carbides and pearlite 2000 15000 


15000 


grain-boundary 
, 12°,Cr, 2°0N1, 14°%Mo-V ateel transformed 65 h at 650 ¢ 
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4a Te mpering curve for 0:14°,C-12° Cr hase steel 


have found that re-austenitization occurs at tempera- 
tures which are a function of the time of tempering, 
and in a typical example, whereas austenite may be 
formed within 20 min at 750°C, it may not be formed 
in less than 5 h at 700°C or lower. It therefore becomes 
very difficult to determine the A,, and it has been 
found that the tempering curve itself is probably the 
best indication of the re-austenitization temperature, 
the hardness increasing suddenly when austenite is 
reformed, owing to the formation of martensite on 
subsequent cooling. 

The effects which have been observed can be stated 
briefly. Carbon and nitrogen within the relatively 
narrow range which has been studied appear not to 
depress A,, but Mn and Ni very definitely do. Nickel is 
hy far the most effective, and 3°,,.Ni lowers A,, to the 
region of 650-700°C and a similar effect is observed 
with about 4°,Mn. On the other hand, vanadium is 
most effective in raising the A,, and molybdenum 
behaves similarly but is less effective. Aluminium and 
silicon also tend to raise the A,, while high cobalt 


additions depress it. Very approximate assessments of 


the effects of these alloy ing elements follow: 


Depression of Ae, by 
1°,, alloying element, °C 
Nickel 30 
Manganese 25 
Cobalt 
Silicon 
Aluminium 
Molybdenum 
Vanadium 
It can be appreciated that no more than 3°,Ni can 
he accommodated if the steels have to be tempered at 
650°C and if re-austenitization must not occur below 
700°C, 2°,Ni is the limit and preferably should be 
combined with both molybdenum and vanadium. 
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The M, temperature is also important because it 
controls the final structure obtained. It should desir- 
ably be above 200°C in view of the fact that the trans- 
formation temperature range is at least 150°C. The 
effect of alloying elements in depressing the M, below 
300°C, which is the M, of the base composition, is 
shown below. Most of the data is taken from Steven 
and Haynes’, and although not derived from 12° Cr 
steels appears to agree with our own observations. 
These results were supplemented by determinations 
for tungsten and silicon by Payson and Savage.? 

Depression of Mg 
by 1°, alloying element, °¢ 

Carbon 174 

Manganese 33 

Nickel 17 

Chromium 17 

Molybdenum 21 

Tungsten 1] 

Silicon 11 

It should be stressed that these effects of alloying 
elements will vary with the base composition used and 
should be regarded as indicative only. However, they 
do show the critical nature of the composition of 
12°,Cr steels. While trying to develop steels with 
improved mechanical properties, it is necessary to 
maintain a ferrite-free structure at solution tempera- 
ture and to avoid depressing the A,, and M, tempera- 
tures below 700° and 200°C respectively. 


THE EFFECT OF ALLOYING ELEMENTS ON 
TEMPERING RESISTANCE 

It is useful to refer first to the tempering character- 
istics of the 12°,Cr base composition. It is convenient 
to use a tempering curve based on a combined time 
temperature parameter T(20-+-log t) where T is the 
temperature “A and t is the time in hours. In this way 





TEMPERIP 


4b /sothermal tempering curves for 0-14°,C-12°,Cr steel 


a single curve is obtained representative of a wide 
range of different tempering conditions. The use of this 
method can be justified for the short tempering times 
used (1—100 h) although for steels which have a strong 
secondary hardening reaction it is necessary to check 
the main features with isothermal tempering curves. 

The tempering curve for the base composition is 
shown in Fig.4a. The tempering temperatures of the 
individual points have been identified and it will be 
seen that all of these fall on to a smooth curve. The 
times of tempering at each temperature were 1, 2, 4, 
7, 10, 25, 50, and 100 h. (In later tempering curves the 
abscissa also identifies the parameter which represents 
the 1 h treatment at different temperatures, for con- 
venience In interpretation.) Since the steel is air 
hardening the initial hardness represents the marten- 
sitic hardness of the 0-1°,C-12°,Cr steel, which is 
higher than is usual for a 0-1°,C low-alloy steel. There 
are two main reasons for this 


(1) increasing Cr solid solution 


hardening 


causes some 
12°,Cr causes a marked depression of the M, 
from 450°C for low-alloy steels to 300°C for 
12%,Cr This decreases the amount of 
vutotempering and causes the carbon to be 
made fully effective in hardening the mar 
tensite. 


steels 


Both these effects contribute to the martensitic 
hardness, and when other alloying elements are added 
to the 12°,Cr base they too act in a similar way, 
although there is probably less effect in suppressing 
the autotempering when the M, falls below 300°C. In 
this case, more of the effect is due to solid solution 
hardening, which is retained even at the highest 
tempering temperature. When the tempering curves 
of the alloyed 12°,Cr steels, which are described later, 
are examined, it is possible to see the separate effect of 
the different alloying elements on the martensite 
hardness. 

The first effect of tempering is a decrease in the 
hardness level and a minimum is reached at about 
300-350°C. Slight secondary hardening then occurs 
which reaches a maximum at 450°C. It should be 
emphasized that these effects are slight however, as 
the following figures show: 

Hardness, DPN 
Solution treated $55 
T 350°C /2h 150 
T 450 C /75h 460 


Condition 


Overageing occurs quite rapidly above 500 C and the 
hardness drops to about 250 DPN after 1 h tempering 
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in the range 600-700 C. These effects can also be seen 
from the isothermal curves shown in Fig.46 

It may help the subsequent description of the effect 
of alloying elements if the structural changes during 
tempering the base 12°,Cr steel are related to the 
tempering curve. It will then be possible to assess the 
effect of alloying elements by considering the differ- 
ences between alloyed steels, and the base composi- 
tion. The solution-treated structure can be considered 
as a typical untempered martensitic structure. The 
martensitic plates or needles can be seen and there may 
be small particles of Fe,C precipitated within them. 
These result from slight autotempering which occurs 
during cooling from the relatively high M, tempera 
ture. After tempering at 300°C the only change in the 
microstructure is an increase in the number of Fe.C 
particles which presumably causes the slight drop in 
hardness as carbon is removed from solution (Fig.5a) 
A change is noticed during the secondary hardening 
stage of the tempering process at temperatures of 400 
and 450°C. This is where the combined time/tempera- 
ture parameter has limitations and it is useful to refer 
to the isothermal tempering curves in Fig.4b. These 
show that the secondary hardening occurs with long 
heating periods at 300-400°C and the hardness is still 
increasing after LOO h. At 450 C however, the harden 
ing process reaches a maximum after 10 h and then 
overageing takes place. There is evidence of a fine 
matrix precipitate at 450° and 500°C (Figs.5b and ¢) but 
this can be seen much more clearly in the overaged 
condition after tempering for longer times at 500 ¢ 
(Fig.5d). It will be noted that the original Fe,C pr 
cipitate is re-dissolving during the formation of the 
fine matrix precipitates. 

This fine precipitate appears to be mainly Cr,C, 
which is formed by separate nu leation, but there also 
uppears to be a little M,X phase present, which is pre 
sumably .C. Apart from the separatels 
nucleated precipitate there is a transformation from 
Fe.C to Cr,C, in situ in the Fe,C particles, and this 
causes small rods of Cr3€, to take the place of the Fe.( 
as shown in Fig.5d. The nature of the M,X phase has 
already been discussed elsewhere® 
to say that in plain 12 
edly is based on Cr,f 


based on ¢ r.(-) 


7 and it is sufficient 
Cr or 17°,,Cr steels it undoubt 
Increasing the N content o1 
adding alloving elements such as Mo or V, or for that 
matter many other alloving elements, stabilizes the 
M,X in preference to the Cr,C, and in 12°,Cr-Ni-Mo 


3 


steels M,X is the major secondary hardening precipi 
tate. Because of its structure, M,X can dissolve large 
amounts of many alloy elements 
cause extra secondary hardening and also be stabilized 
over a wide temperature range 


and thereby can 
with a resultant 
increase in the tempering resistance 

Secondary hardening can be increased by increasing 
the lattice parameter of the precipitating carbide 
relative to the lattice parameter of the ferrite matrix. 
For non-carbide-forming elements which dissolve in 
the matrix (silicon, aluminium, nickel, cobalt, copper 
and to some extent, manganese), only silicon would 
be expected to have much effect in increasing second 
ary hardening since this decreases the lattice para- 
meter. The carbide-forming elements increase the 
lattice parameter of the carbide in the increasing order 
vanadium, molybdenum, tungsten, titanium, niobium, 
and therefore will be ¢ x pected to increase the amount 
of secondary hardening in the same order. 
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At the same stage in tempering, namely 
tempering at 500°C, the formation of relatively large 
carbide particles is observed at martensite plate and 
austenite grain boundaries (Fig.5d). It was possible to 
identify these both by electron diffraction of replicas 
and by X-ray diffraction of extracted residues as 
M,,C,. As tempering proceeds, this boundary precipi 
tate grows at the expense of the fine Cr,C, precipitate, 
which coarsens (Fig.5e), and it is clear that this is the 
structural change which results in the pronounced 


2 ~ 
Ps. * 
* “i, . 
~ ~~ 4s 


fempered at a 300°C for 1 h 15000 
for Sh «15000 f at 700°C for Lh 


6 450°C for 
« 15000 


240 h 


5 Electron micrographs of structures produced during tempering a 0-1! 
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after 


a AS pb! 


< 15000 


softening shown by the tempering curve. Further 
growth of the M,C, occurs on extended tempering 
with more solution of the Cr,C, but it is seldom that 
any grain growth of the ferrite occurs at temperatures 
up to 700°C (Fig.5f). Consequently, above 600°C the 
steel has lost practically all of the hardness which was 
associated with the martensitic structure and subse- 
quent secondary hardening. It was the major objective 
of this work to improve the poor tempering resistance 
of the base 12°,Cr steel by alloy additions 


Bs aa 


500 C for & h 15000) d 500°C for 240h 15000 eat 600 


2°,Cr steel 





EFFECT OF AUSTENITE-FORMING ELEMENTS 
Effect of carbon 


Carbon additions of between 0-03°, 
mack 


and 0-21°, were 
to the base composition and the tempering 
curves obtained are shown in Fig.6a. The most import 
ant effect is an increase in the martensitic 
level and the solution-treated hardness 
given below 


hardness 


1 
Vaiues are 


fp 4 arbor Hardne 
2H 
364 
462 


$s 


ss, DPN 


O29 
OOS 
0-133 


206 


Apart from the effect on the martensitic hardness 
level carbon also increases the amount of secondary 
hardening which occurs at 450 C. If the amount of 

hardening is measured as the difference 
the and maximum hardnesses 
reached during tempering between 300° and 500°C then 


secondary 
between minimum 


the effect of carbon can be summarized as follows 
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The third important effect is the hardness difference 
produced after tempering at 650°C, which would be an 
appropriate tempering temperature for commercial 
steels. It will be seen that the effect of carbon has 
decreased very much, particularly above 0-15°,C 


Hardness after tempering | | 


at 650°C, DPN 


Carbon 


O- O68 POH 
0-133 235 


PO 250 


The effect of carbon on the microstructure after 
tempering | h at 650°C is shown in Figs.7a and b. It 
will be seen that there is an increase in the amount of 
the matrix Cr,C, and M,X precipitates and this is 
responsible for the hardness increase. The effect is not 
very great, however, and apart from the fact that high 
hardnesses can be obtained at low tempering tempera- 
tures, there is little justification for using high carbon 
contents. Other work has shown that the ductility and 
impact properties are reduced very much at high 
carbon levels, so it would seem that high-carbon steels 
will only find application where hardness alone is the 
most important property 


Effect of nitrogen 
Steels with the base composition were made with 
nitrogen levels of 0-02, and 0-09°,, and the tempering 
curves are Fig.6b. Nitrogen has a similar 
effect to earbon and both the martensitic hardness and 
the amount of secondary hardening are increased. As 
with carbon, the effect of nitrogen is much reduced at 
higher tempering parameters 


shown In 


Microstructures repre- 
senting the structure after tempering | h at 650°C are 
shown in Figs.7/ and « 0-14°.C steels with 
0-02 and 0-09°°N) and it will be seen that increasing 
nitrogen intensifies the fine matrix precipitate which 
changes from Cr;C, to mainly M,X as already des 
cribed. This M,N phase which identified hy 


these are 


Was 
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a effect of carbon i 
0-1°.C steel 


6 Effect of carbon and nitroqge? 
12°.Cr steel 


electron diffraction of extraction replicas, could either 
be a carbide o1 
based on Cr.N. 


nitride and in this case may well be 


The effect of nickel 


Nickel additions up to 5° made to the 
composition and the tempering curves obtained are 
shown in Fig.8a. It is convenient to consider the effect 
of each alloying element on the martensitic hardness 
the amount of secondary hardening and the hardne 
level after tempering at 650°C for Lh These effects are 
summarized below: 
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The secondary hardness change is the difference 
between the minimum hardness tempered at 350°C and 


the maximum hardness at 400-450°C. Nickel increases 


the martensitic hardness and this must be due to both 
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solid solution hardening and its effect in depressing the 
M, temperature, which produces less autotempering. 
The M, actually decreases to about 175°C with 5°,Ni. 
Nickel also slightly increases the amount of secondary 
hardening and it will be noticed that this effect occurs 
at a slightly lower tempering parameter. This produces 
some acceleration in the rate of softening, but the 
tempering curves then cross over at higher tempering 
parameters which shows quite clearly that increasing 
nickel is retarding the final stages of softening. The 
increase in hardness of the high-nickel steels when 
tempered at 650°C shows that the nickel addition has 
depressed the A,, temperature below 650°C. 

A detailed electron microscope study of these steels 
showed the same tempering process as the base steel 
previously described. The carbide change is from 


(M,X 


A comparison of the 3°,Ni and nickel-free steels is 
shown in Fig.9 after tempering at 500°C for 8 h which 
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produces the peak of secondary hardening. Figure 9) 
clearly shows the increased amount of precipitatewhich 
is producing the slightly increased secondary harden- 
ing. It is perhaps surprising that nickel should increase 
the amount of carbide since it is not a carbide-forming 
element. The most likely explanation is that nickel 
decreases the solubility of carbon in the matrix and 
hence leads to a greater supersaturation effect which 
promotes the formation of the Cr,C, and M,X carbide 
precipitates. This same effect of nickel producing 
supersaturation is also responsible for the acceleration 
of the secondary hardening process. At higher temper- 
ing temperatures the higher Ni steels again show 
greater tempering resistance. In part this is due to re- 
austenitization and in part to solid solution hardening. 
Also, a contributory factor may be the slower diffusion 
in the Ni steels which slightly retards both carbide 
solution and grain growth. 


Effect of manganese 


Manganese additions up to 4°, were made to the base 
composition and the tempering curves obtained are 


St 


-* 


a 0-02 N, 
0-09°..N, 


O-09e 
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7 Effect of carbon and nitrogen on the structure of a 12%Cr 


steel after tempering 1 h at 650°C 





shown in Fig.86. The most important effects are sum- 
marized below: 


Hardness 
after 
Soln. treated Secondary tempering 
1 h 650°C, 
DPN 
230 
235 
232 


270 


hardness, hardening 
DPN change, DPN 
415 +10 

404 +10 

415 +15 

464 + 25 


> Mn 
0-58 
1-03 
2-27 
4-28 
It will be seen that manganese has a similar effect to 
nickel and the same explanations can be given for 
these effects. There is less justification for using man- 
ganese as an alloying element however, since it is not 
as strong an austenite-forming element as nickel. 


Effect of copper 


Copper additions up to 4°, were made to the base 
composition and the tempering curves obtained are 
shown in Fig.8c. The main effects are summarized 
below: 


Hardness 


Soln alter 


treated Secondary 
hardness, hardening 

, DPN change, DPN 
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tempering I h 
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Copper has little or no effect on the martensitic 
hardness but a very marked effect on the secondary 
hardening reaction. This is accompanied by a slight 
acceleration of the process so that overageing occurs 
more rapidly. In the later stages of tempering how- 
ever, the higher copper steels retain a higher hardness 
level. It was not possible to identify phases other than 
the carbides which were formed in the base composi- 
tion, and consequently it was concluded that the 
secondary hardening was mainly due to the formation 
of M,X. Typical microstructures showing the precipi- 
tation after tempering for | h at 650°C are given in 
Fig.10, which that the increased secondary 
hardening is due to an increase in the amount of the 
fine matrix precipitate of M,X although the formation 
of a copper-rich precipitate cannot be completely 
ruled out. The increased hardness of the higher copper 
steels at high tempering parameters is presumably due 
to solid solution hardening and the greater number of 
precipitated particles as shown in Fig.10. 


show 


Effect of cobalt 


Cobalt additions up to 10°, were made to the base 
composition and the tempering curves obtained are 
shown in Fig.1la. Such large additions of cobalt were 
possible because of the slight effect it has in depressing 
both the A, and the M, temperature. The main effects 
of cobalt can be summarized as follows 


Hardness 
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“ated Secondary 
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Cobalt increases the martensitic hardness owing 
mainly to solid solution hardening and slightly to its 
effect in depressing the M, temperature. This hardness 
increase is maintained up to 500°C but there does not 
appear to be any pronounced secondary hardening. 
The hardness increase is maintained at high tempering 
parameters presumably owing to the solid solution 
hardening. A final point of interest is that cobalt does 
not have much effect in depressing the A,, tempera- 
ture since even with 10°,Co present the A,, tempera 

ture is still above 700°C. Cobalt can be considered as a 
useful alloying element apart from its high cost. It is 
an austenite-forming element which produces a hard- 
ness increase at all stages of tempering and yet it has 
only a slight effect in depressing the A,, and Mg, 
temperatures. 
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THE EFFECT OF FERRITE-FORMING ELEMENTS 

It has been mentioned previously that the 12°,Cr base 
composition is near to the borderline of forming ferrite 
during solution treatment. Consequently, it is only 
possible to study the effect of appreciable additions of 
ferrite-forming elements if the base composition is 
moved further into the stable austenite region at solu 
tion temperature by the addition of an austenite 
forming element. The possibilities are C, N. Ni, Mn 
Co, and Cu and the effect of each of these has been 
described in the previous section. Carbon and nitrogen 
both have an adverse effect on ductility, impact 
resistance, and weldability, and their use must be 
restricted. Manganese and cobalt are relatively weak 
austenite-formers and in addition, cobalt is expensive 
Nickel is the most suitable element to use but even so 
its use must be limited because of the marked effect 
it has in depressing the A,, and M, temperatures. A 
reasonable maximum is 3°,,Ni but in order to allow for 
the effect of other alloying elements especially on the 
M, temperature it was decided to limit nickel to 2°, 
This has the advantage that it also allows some slight 
increase in nickel content of any selected alloy if this is 
found to be necessary to retain a ferrite-free structure 
up to 1300°C compared with the more usual solution 
temperature of 1050°C. The moditied base composition 
which was chosen for the work on the effect of ferrite 
forming elements was therefore 0-1°,C, 12°,Cr 
0-5°% Mn, 0:25°%Si, 2-0%Ni, 0:02°N. The only excep 
tion was in the molybdenum series where a high N 
0-09 was used in order to illustrate a specific effect 


Effect of molybdenum 


were made to the 
Ni base composition which contained 0-09°,N. It 
will be shown that one of the most important effects of 
molybdenum is to stabilize the M,X precipitate. This 
can be seen most easily when the amount of the M,X 
precipitate is increased by using a high nitrogen con 


Molybdenum additions up to 4°, 


»o 


tent. The effects shown for increasing molybdenum are 


ilso obtained in low-nitrogen steels but at a lower 
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hardness level as indicated by the low-nitrogen base 
steel which was included in this series. The tempering 
curves obtained are shown in Fig.11b and the main 


effects are summarized below 
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All of the steels were territe-free except for the 
$2, Mo steel which contained 7°, ferrite. Moly bdenum 
has little effect in raising the martensitic hardness and 
this may be due to the retention of some austenite. 
The secondary hardening reaction is 
least up to 3° Mo and there is 


hardness at the higher tempering parameters 


intensified at 
a marked increase in 
Elee 


tron microscope examination showed that the second- 


iry hardening effect was due to a fine matrix precipi 


tate and the microstructures after tempering 1 h at 
650 C are shown in Fig.12 M,N 
precipitate is refined and stabilized by molybdenum so 
that it is a fine dispersion at high 
tempering parameters. This effect. together with some 


solid resulted in the 


The se show how t he 


can be present 


solution hardening increased 


hardness 


Effect of tungsten 
made to the 2°. Ni 


base composition and the tempering curves obtained 
ire shown In Fig. l3a. It 
these steels were ferrite-free. The 


Tungsten additions up to 3 
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main effects of tung 
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Effect of vanadium 


~ 


econdal after Vanadium additions up to 178°, were made to the 


hardness hardening tempering 2°,Ni base composition and the tempering curves 


DPN change. DPN 65 obtained are shown in Fig.13b. It should be noted that 
the 1-78°,V steel contained 13°. ferrite which has 
atlected the tempering curve of this steel. It can be 
concluded that little more than 1 V can be added to 
1-O1 490) r 285 this base composition without producing ferrite. The 


0 130 


0-54 475 


1-90 190 , IRS main effects of vanadium are summarized below 
2.99 505 20 312 
Tungsten had a similar effect to molybdenum on the 

microstructures and tempering curves. The secondary 

hardening effect was increased owing to the intensifica 

tion of the M,X precipitate, and a higher hardness was 

maintained at high tempering parameters owing to the 

stabilization of the M,X precipitate and solid solutior 

hardening. Tungsten was less effective than molvb 

denum since almost twice as much was required to pre 

duce an equivalent effect hardness level at all stages of 
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ih AT TEMPERATURE, ° 


a 0-1° C-12°.Cr steel 6 molvbdenurm in a 0-1 °%¢ 


J ; 90 
cohalt and molubdeniwm on the te mpering resistance of 12° ( 


tempering and this is particularly noticeable between 
550° and 650°C due to the stabilization of the M,X 
precipitate which produces the secondary hardening. 
The introduction of ferrite in the 1-78°,,V steel how- 
ever, caused the hardness to be low, and also the 
intensity of the secondary hardening to be less. No 
V,C, was observed in the tempered martensite, but 
occasionally V,C, plates were seen in the delta ferrite. 
Effect of silicon 


Silicon additions up to 2-8°,, were made to the 2°,Ni 


base composition. The tempering curves obtained are 
shown in Fig.13c. It should be noted that these steels 
were ferrite-free apart from the one containing 2-8°,Si 
which had 6°, ferrite in the microstructure after solu- 
tion treating at LO050°C. The main effects are sum- 
marized below 
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Silicon slightly raises the martensitic hardness and 
this increase is maintained after tempering. It will be 
seen that there is a small increase in the secondary 
hardening due to Si contracting the ferrite lattice but 
this effect is smaller than can be produced by dissolv- 
ing carbide-forming elements in M,X. The higher hard- 
ness at high tempering parameters is presumably due 
mainly to solid solution hardening. 


Effect of titanium and niobium 

These two elements have similar effects in that they 
are strong ferrite-formers and also react with carbon to 
form stable carbides and therefore lower the effective 
carbon content. Consequently, they have a marked 
effect both on the initial martensitic hardness and on 
the tempering resistance. While it is possible to 
dissolve these carbides using very high solution tem- 
peratures, this would seriously limit the commercial 
use of such steels, therefore, it was decided to use the 
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standard solution temperature of 1050 C for this work. 

An addition of 4°, Ti was made to 12°,Cr steels con- 
taining | and 3°,Niand the tempering curves obtained 
are shown in Fig.14. With 1°,Ni, the addition of 
4°, Ti introduces 29°, ferrite and the effect of this can 
be seen in the low initial martensitic hardness shown 
in Fig.l4a. The fact that the two tempering curves 
approach one another at high tempering parameters 
indicates that there has retardation of 
tempering. The ferrite is eliminated with 3°,Ni, but 
Fig.146 shows that the initial hardness level is still low 
owing to carbides being out of solution. It will be seen 
that definite secondary hardening is now 
improved tempering resistance. 

The similar effects of Nb in lowering the martensitic 
hardness level owing to carbide formation and also 
promoting ferrite formation are shown in Fig.14e for 
12°,Cr-2%,Ni-—Mo steels. The effect of solution treat- 
ment temperature is also shown. Despite starting trom 
a lower initial hardness value the Nb steels have 
appreciably better tempering resistance between 550 
and 700°C. Increasing the solution temperature to 
1 200°C further increased the tempering resistance and 
caused more intense secondary hardening. Both Ti 
and Nb dissolve in the precipitating M,X carbide to 
give an expanded lattice parameter. The M,X carbide 
is also stabilized to higher tempering temperatures. 


been some 


giving 


Effect of alloying elements on mechanical properties 

While the main interest in developing alloyed 12°,Cr 
steels is to produce increased tempering resistance it is 
necessary to have adequate impact strength associated 
with the tensile strength, and for the tensile properties 
themselves to be satisfactory with a 0-2°,PS/TS ratio 
of 0-75 to 0-80 and adequate ductility. The results of a 
considerable amount of work can be summarized by 
saying that these properties depend very much on the 
stage of tempering or the microstructure which is 
obtained and also upon the effect of individual 
alloying elements. 

It is appropriate first to consider the impact proper- 
ties. There is a characteristic curve which shows the 
change in room temperature impact with 
increased tempering temperature for various 12°Cr 


value 





steels and this is shown in Fig.l5a. These room tem- 
perature energy values are of course related to the 
position of the impact transition curve and the full 
transition curves for one of the included in 
Fig.15a are shown in Fig.16. It is simpler, however, to 
examine the effect of an alloying element in terms of 
the room temperature impact value. The impact value 
of the 12°,Cr-2°,Ni steel in the untempered o1 
very lightly tempered condition is low but is raised by 
tempering at 300 C. This is due to the relief of internal 
stresses in the martensitic structure which ts accentu 
ated by the precipitation of some Fe,C 
previously and shown in Fig.5). Reasonably 
impact values are obtained with tempering tempera 
and 400 ©, but inthe upper part of 
range, the impact 


steels 
base 


as described 


good 


tures between 200 


this tempering value is dropping 


~ gee ei ns» re 
a . ar Lr 
eo Se 
—4e = Fe, + 
+ " J 


: oo i 
per 4 io 

‘A she ethers e ~ Foy) 

: Bat 


‘ 
me 


Irvine et al. Physical metallurgy of 12%Cr steels 399 
and continues to drop until it reaches a minimum with 
tempering at about 550°C. Above this temperature the 
energy value begins to increase (it will be remembered 
that the tensile strength is decreasing during this stage 
of tempering) but it will be noted that the 12°,( 

2°,Ni steel does not improve nearly as the 
steels containing molybdenum. The explanation for 
this trough in the impact energy curve can be found in 
the sequence of microstructural changes. Between 400 


and 500 C secondary 


SO much 


there is a hardening process 


occurring which is producing coherency strains and 
resistance to deft Overageing 
at grain boundaries, however. so that 
forming together with local alloy and 
While it is not clear how much this 
denudation contributes to the effect it would appear 


mation. ris also occurring 


a much coarser 
precipitate is 
carbon denudation 
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lloying elements on the 


2°°Ni steel 


tempering resistance 


that the local overageing at the grain boundaries leads 


to crack initiation and the subsequent propagation of 
brittle 


failure through a structure which is not verv 
It might be expected that an element 
like Mo which strengthens the ferrite would tend to in- 
hibit 

proved impact properties of the 14°,,Mo steel sl 
Fig.l5a. While there ts still a trough in the 


{ 


crac k resistant 


crack initiation. This is confirmed the im 
own in 
the 
throughout the tempering 
range and quite reasonable even at the bottom of the 
trough. In fact, the only two elements which have been 


found to have 


curve 


energy values are higher 


a marked beneficial effect are molyb- 
denum and tungsten and it would appear that 1-25 
1-5°,Mo and 2-5-3-0°,W are necessary to obtain this 
improvement. If the Mo is raised too far, however, the 
increased secondary hardening begins to affect the 
impact properties and this applies, for instance, to 
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14 Effect of titanium and niobium on the temperin 
of 0-1°,.C—12°,Cr—Ni steels 


7 resistance 


3 and 4°, Mo steels. Similarly vanadium also intensi 
fies and stabilizes the secondary hardening M,X pre 
cipitate and this adversely affects the impact p 
ties as shown in Fig. 15a. 

While it is believed that it is the secondary harden 
ing process which is controlling the impact properties 
another factor which cannot be ruled out is some 
degree of temper embrittlement. Even if this were 
present, however, molybdenum would still have a bene 
ficial effect. 


Der 


Carbon is known to have an adverse effect on the 
impact properties of steels, decreasing the energy 
value which can be obtained even with a fully duc tile 
fracture. The effect of carbon on the impact value of an 
alloyed 12°,Cr steel is shown in Fig.15). While the 
effect is slight up to 0-15°.C it becomes more pro- 
nounced above this and rather low impact values are 
obtained with 0-20 and 0-25°C. A very similar effect 
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important to have satistactory proot stress values 
associated with high tensile strengths. It is known that 
in general, tempered martensitic structures have satis 
factory properties with a 0-2°,,PS/TS ratio of about 
0-75-0-80, and this applies equally well to the base 
12°.Cr steel. There is a complication in this case 
because of the secondary hardening reaction which 
occurs on tempering at 450-500 °C. This introduces 
coherency strains which tend to lower the proof stress 
values in spite of the fact that the hardness and tensile 
strength are increased. The change in tensile proper 
ties with tempering for a ty pical 0-13°,,C-12°%,Cr steel 
are shown in Fig.17. It will be seen that the change in 
tensile strength is similar to that shown in hardness 
tempering curves in that the secondary hardening 
process produces an increase in strength at a temper 
ing temperature of 550 C. The 0-2' ' proof stress does 





not follow the same curve and begins to decrease rela 
tive to the tensile strength (i.e. the 0-2°,,PS/TS ratio 
decreases) when this secondary hardening occurs. The 
effect is most noticeable at the peak of secondary 
hardening. When overageing occurs the coherency 
stresses : relieved and the PS/TS ratio increases 
iwain reaching maximum Lies vith tempering 
between 600-650 ¢ , 


It has been mentioned th ie of the major 


8 Eifect of temverines eee ee alec cilie objectives in this work was to impro' he tempering 

; iti resistance of 12°,.Cr steels. Because « ie low proof 
was observed with nitrogen and it has been shown that — stress values and poor impact properties associated 
the impact values which can be obtained with 0-01 with the peak of secondary hardening, the main 
0-04°%, nitrogen are very much better than those which interest is in the properties which can be obtained 


can be obtained with O-O6-0-08 , nitrogen. atter te mpermng at 650-C when both the proot stress 
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easily shown that from this point of view carbon is 
harmful because it accentuates the secondary harden- 
ing process without improving the tempering resist- 
ance at 650°C. This point is illustrated by isothermal 
tempering curves at 500°C and 650°C shown in Fig.18 
for an alloyed 12°,Cr steel with contents 
13°, and 0-26°%,. The change in tensile 
properties with tempering is shown for the same steels 
in Fig.17. Extremely low proof stress values are 


carbon 
bet ween 


obtained in the higher carbon steels after tempering at 
550°C while there is little benefit from increased carbon 
after tempering at 650°C. Nitrogen acts in almost the 
same way. 

From the tempering survey it was shown that two 
of the most effective elements in increasing tempering 


resistance are molybdenum and vanadium (Figs.1] 
and 13). This improvement is most marked in the 
tempering 600-700°C, and— this 
tempering resistance is also reflected in improved 
tensile properties after tempering at 650°C. These 
tensile properties are summarized in Fig.19 from which 
it can be seen that both Mo and V produce increased 
tensile and proof stress values and a satisfactorily high 


range increased 
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PS/TS ratio is maintained. The lower properties 
obtained with the highest vanadium steels are due to 
the presence of appreciable amounts of ferrite in the 
microstructure. For this reason it is concluded that 
small additions of vanadium (i.e. less than 1°,), are 
most effective. 


SELECTION OF PREFERRED COMPOSITIONS 

As a result of the work described in this report the 
effects of C, N, Ni, Mn, Cu, Co, Mo, V. W, Si, Nb, and Ti 
are known on the austenite /ferrite equilibrium, the A,, 
and M, temperatures, the tempering resistance, and 
the mechanical properties of 12°,Cr steels. Conse 
quently, it is possible to select preferred compositions 
which the most combination of 
properties, namely resistance, strength, 
ductility, and impact resistance. Considering the num- 
ber of alloying elements studied it is perhaps surpris 
ing that the preferred composition is a low C and N, 
12°,.Cr-Ni-Mo-V_ steel and alternatives are only 
suggested where an improvement is sought in one pat 


desirable 


pe ISSESS 


corrosion 


ticular property even at the expense of lowering othet 
properties, i.e. improved strength, together with lowe1 








impact 
strength. 
First, with regard to carbon and nitrogen, every 
property is affected adversely if these are high. Ade- 
quate strength can be given by the 12°,Cr martensitic 
structure with carbon between O0-O8 and 0-15°, and 
nitrogen between 0-OL and 0-04°,. With more than 
these amounts the weldability is reduced owing to high 
peak hardness in the heat-affected zone. The impact 
resistance 1s drastically lowered although the 
hardness and strength are increased, the proof stress 
are that the 
properties Is very much worse 


or improved ductility, together with lower 


and 


values decreased so combination of 
Secondly, with regard to the alloving elements used, 
the main objective is to obtain increased tempering 


are Mo W.\ 


Nb. and Ti and within this group molybdenum and 


resistance. The most effective elements 
vanadium are preferred. Tungsten has a similar etlect 
to molybdenum but it is more expensive and about 
twice as much tungsten as molybdenum ts required for 
an equivalent effect. Niobium and titanium have the 
main disadvantage that they are 
hide-forming elements that they lower the maximum 
strength which can be obtained unless high solution 
temperatures are employed to take these carbides into 
solution and make both the carbon and alloy content 
fully effective. For most commercial applications this 
is a serious disadvantage. and consequently the use of 
It is intended to 
publish a separate account of the effect of combina 
tions of Mo. V. Nb. and Ti on the carbide precipitation 
these complex steels have 
improved properties for some specialized applications 
particularly strength is 
Important 

Molybdenum and vanadium have different effects 
While tempering 
resistance its most Important effect is to improve the 
impact properties and for this reason 1:5°,Mo is 
desirable. Above this amount of molybdenum, still 
further improvement in tempering resistance can be 


such powerful ear 


these two elements has been avoided 


reactions because more 


where high-temperature 


molvbdenum does improve the 


obtained, but since this means that the matrix pre 
intensified 


begin to decrease again 


Cipitate is being the impact properties 
Vanadium has no beneficial 
but a marked effect in 
increasing tempering resistance, Since it Is a 
ferrite-former, however. its use must be limited and it 
that the addition of 0-3°,V > produces a 
marked improvement in tensile properties (particu- 
larly in the 0-2°,PS) without reducing the impact 
properties too much. The use of larger amounts of 
vanadium is undesirable since it is difficult to prevent 
ferrite being formed unless the composition is balanced 
by the use of a large amount of nickel (which also has 


etteect on impact properties 


strony 


is. found 


disadvantages), and the impact properties are also 
seriously reduced. A most effective combination, there- 
fore. is 14°,Mo, 0-3°,V_ provided the ferrite-forming 
effect of these additions is balanced by nickel. Nickel is 
the preferred austenite-forming element and 2°,Ni is 


adequate. Consequently, the preferred composition is 


0-19,C, 12% Cr, 2% Ni, 14% Mo, 0-3%V. This is air- 
hardening and has a ferrite-free microstructure at a 
solution temperature of L050°C. Because of the low 
carbon content the ductility and impact properties are 
good, while the tempering resistance allows high 
tensile properties to be obtained even after tempering 
at 650°C, It has been mentioned previously that the 
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so that the 
two preferred tempering ranges are 250-350 C) and 
600-700 -C. Typical mechanical properties which can 


undesirable tempering range is 450-550 ¢ 


be obtained are 


Charpy imp 


This steel represents a 
compared to the base 


considerable improvement 
12°. Cr steel, which has low 
tensile and impact properties. There may be applica 
tions the properties are 
required without such high tensile properties as quoted 
above 


where improved impact 
In this case the moly bdenum addition would bye 
used without vanadium OI, I 
14°,Ni, 13°,Mo composition is obtained. For thi 


steel the equivalent mechanical properties are 


and a 


r 300 C Lh 
S1—-S6 5D 
37-42 


18-22 21-24 


Fensile strength. tons/in® 


proof stress. tons/in® 60-65 
Elongation 


Charpy impact, ft/lb at RT 50 mu 80 min 


It will be seen, therefore, that for yeneral structural 
applications there are three weldable 12°,Cr stainless 
steels which can provide the different combinations of 
mechanical properties required. These are 

€WOC, 12%Cr 
yC, 12% Cr, 14% Ni, 14%Mo 
C, 12% Cr, 2% Ni, 14° Mo, 0-3%\ 


SUMMARY AND CONCLUSIONS 

The investigations described were designed to obtain a 
better understanding of the physical metallurgy of 
12°,Cr base steels so that the development of compo 
sitions required to produce specified properties could 
systematically The results 
obtained in this work are briefly summarized below 


he more carried out 
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Ferrite in 
micro structure 


| 
VANADIUM ,% 
iat L050°C, tempered at 650°C 


molybdenum and vanadium on 


1. The effects of alloying element on the phase 
equilibrium between austenite and ferrite have been 
determined mainly for a temperature of 1050 C and, 
while it is not claimed that the factors for the ferrite- 
forming tendencies of the elements have any great 
degree ot nor even that the effects of the 
varying elements are linear, the indications provide a 


recuracy, 
upon which the constitution of a steel can be 


the formation of large 


basis 
assessed and unacceptably 
amounts of delta ferrite avoided. 


2. When 


rnportant 
I 


transformable steels are 
that they 


temperature Information has been obtain 


tempered it is 
should not re-austenitize at the 
tem yx ring 
j elements 
Niand 
iustenitization is not 
w 700°C a limit of 2°. Ni must be imp sed 

the other hand, Si, Al, Mo, and 

ll eff the ao 
that more Ni 


ed about the effectiveness of varvin alloving 
in decreasing the \. 


lost effec 


, temperature and of these 


Tive so 


that if re 


tive in raising 
» Hf is possible 

accommodated. 
The M 


desirable 


temperature is important because it is 
that no austenite should be retained in the 
solution-treated condition, and information about the 
depression of the M, as a function of the alloying 
element concentration has been taken mainly from the 
work of Steven and Haynes.” From these results it is 
possible to design steels in which the Mg temperature 
is not too low. 
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MOLYBDENUM ,& 


4. The transformation characteristics of 12°C) 
steels show that not only is the pearlite reaction pre 
ceded by carbide precipitation but also that the pe url 
ite reaction is extremely slow and does not go to com 
pletion within practicable periods of time, i.e. 24 h 
Also, the bainite reaction is completely suppressed, It 
is extremely difficult, soften alloyed 
12°,,Cr steels by isothermal transformation techniques 
It is best to temper the martensitic steel at the highest 
temperature which does not produce re-austenitization 
usually 700 C) but this is still difficult in the 
which have 


therefore, to 


about 
alloyed steels considerably improved 
vy resistance 


etteets of 


temper 


db. The varving alloying elements on the 


ge 
tem pr ring charac teristics of alloyed 12 


Cr steels have 


been determined and related to the structural ch wges 


which take place It has been shown that secondary 


s Within the range 


hardening can occur at temperature 
100-500 C with the 
of the M,X type. 
shown to stabilize this carbide, thereby increasing the 
temperature range over which it can form, and also 
increasing the coherency strain associated with it so 


precipitation of a Cr-rich carbide 


\ arious alle Vihig ¢ lements h ive been 


that the secondary hardening is increased. Overageing 
is accompanied by the formation of M,.C, at grain 
boundaries and a gradual re-solution of the M,X. It 
has been shown that carbon and nitrogen are very 
effective in accentuating the secondary hardening of 
12°..Cr steels but that Ni and Mn 


are much less 





and in fact, « 
the rate of softening of these steels. ¢ oppel produ esa 


eflective in cause some acceleration in 
which is tn unly 
due to an intensification of the M,X precipitate but 
could also be the result of the formation of a Cu-rich 
phase which has not been identified. The main effect of 
Co is to eause marked solid solution hardening. 

The ferrite-forming elements Mo, W, V, and Si have 


very similar effects in that they not only cause some 


marked secondary hardening reactior 


solid solution hardening, but also intensify the second- 
ary hardening reaction. V also slightly intensifies the 
secondary hardening reaction but its main effect is in 
the stabilization of M,X so that higher hardnesses are 
produced at high tempering temperatures. Si causes 
a slight secondary hardening owing to its effect upon 
the ferrite lattice parameter and also solid solution 
hardens to a small extent at high temperatures. Th 
effects of Ti and Nb are 

factors must be taken into consideration, namely 
i) the effect of Ti and Nb in removing carbon from 
solid solution, thereby decreasing the hardness 


complicated because two 


or strength at any tempering temperature 
(1i) the formation of delta ferrite 
It has been shown, however. that both Ti and Nb 
can accentuate the secondary hardening effect and 
also stabilize the M,X to higher temperatures so that 
they can impart considerable tempering resistance, but 
unfortunately it is often necessary to use high solution 
treatment temperatures in order to obtain sufficient of 
the element in an effective form 
6. In the properties of 
12°,,Cr steels it has been shown that secondary harden 


considering mechanical 
ing is accompanied by a decrease in the proof ratio and 
very poor impact properties This is the result of co 

straining due to M,X formation. Up to 
2°, Mo improves both the strength and the impact 
Above ye 
precipitate 


herency 


resistance 


M,N 


however, its effect upon the 
outweighs its beneficial effect on 


e 
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beneticial eftect 


mall 


impact 


impact properties. Vanadium has a 


upon the tensile strength and can be used in 
imounts without too an elfect on the 


properties Increasing « irbon and nitrogen intensifies 


the secondary hardening reaction and leads to 
much proof ratios 
the best combination of 
[2°-Cr, 2°, Wi. 14' 
red. Where better 
ind a reduction in tensile strength can be accepted 
then a 0-1°%,.C, 12°, | Ni 1} Mo ec mpo 
in he 
7. It 


ture 


worse ind Impact properti 
trenuth ied 


Mo, 0-3°,\ ition is preter 
ind ductility 


ind impact 
tar Tn po 
Impact ure required 
ition 
used 

has been shown that there are two 
which it 1 
alloyed 12°,Cr steels, namely between 250 
and 600° and 7O00-C; in’ thes« 


attractive 


t< nipera- 


ranges in idvantageous to temper 
und 350°C 
two temperature 
very mechanical 


properties can he obtained at different strength levels 


ranges combinations of 
Tempering in the temperature range between 450° and 


D00-C is most undesirable as the properties are very 


pM wor 
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Under-hearth cooling for blast-furnaces 


E, M. Summers 


INTRODUCTION 


THE PREVENTION of erosion of the hearth brickwork of 
blast-furnaces is a problem with which all plants have 
to contend, and the extent of the erosion ean vary 
according to the type of iron produced 


pt received 10 Ma 1960 
Surmmer Is general manager 


Ironworks ¢ Ltd, near Nott 


SYNOPSIS 


The proble m of blast-furnace hearth « 
and theoretical calculations on the 

The desian of two fu W0OER 4 
ing under-hearth cooling is described and the 


installation is in detail 


, 
OnsSiuUdse red 
j d carbon 


brickie rh are qiven iploy- 


yp rating 
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1846 
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clusions are drawn on the use of similar con 
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on 


C ound brickwork ESS Mature of iron and 


I oncrete 
E39 Burnt brickwork ond scor (22 Iron bear 


(a) blown-in March 1949 (b) blown-out March 1956 


Penetration of iron into foundation concrete of no.1 furnace 


The problem appears to have received more active 
consideration in other countries, and furnaces are 
known to be working in Austria, Sweden, and the 
USSR with some form of cooling under the hearth. In 
general the construction consists of a carbon pad laid 
on firebrick with the cooling below the firebrick. 

At Stanton the problem of hearth erosion has been 
particularly acute when operating on high-temperature 
foundry irons, and iron has been found to have pene- 
trated through the firebrick pad well down into the 
foundation concrete, as illustrated in Fig.1. 

The Stanton furnaces as originally designed had 
firebrick pads 7 ft 6 in. thick, and in the case of nos.1 
and 2 furnaces, which stood on concrete plinths, it was 
possible to remove the concrete, extend the hearth 
jacket, and increase the depth of the hearth pad. By 
putting in carbon side walls and spray cooling the 
hearth jacket, conditions on these two furnaces were 
greatly improved, and this construction is shown in 
Fig.2. In the case of nos.3, 4, and 5 furnaces, however, 
the top of the concrete plinth was at ground level and 
did not permit any extension of the hearth jacket 
without major reconstruction of the furnaces, and 
consequently it was not possible to increase the thick- 
ness of the hearth pad. Even with carbon side walls it 
was not considered that the thickness of the firebrick 
pad was sufficient to contain the downward penetra- 
tion of the iron, and consideration was therefore given 
to the installation of an under-cooled carbon hearth. 


Theoretical considerations 


Calculations were therefore made for a total pad depth 
of 6 ft 3 in. with varying thicknesses of firebrick below 
the carbon in order to study the depth of the freezing 
line and interface temperature. It has been concluded 
from researches carried out by BISRA that the thermal 
conductivity of carbon above 1000°C is 3-4 Btu/ft 
h°F and the hot metal temperature was taken as 


1500°C. 
Table I. 

It was obvious that the effect of putting firebrick 
under the carbon was to reduce the benefit gained 
from the high conductivity of the carbon and conse- 
quently to lower the freezing line. Therefore it was 
considered that the firebrick should be excluded and a 


Details of these calculations are given in 
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S777 Alum 
<8 a 
La rbon brickwork 


work 


2 Modification of nos.1 and 2 furnaces by adding carhor 
walls and spray cooling the hearth jacket 


design was prepared in which the carbon was placed 
directly on the cooled bottom plate. With this design 
the theoretical indication was that iron penetration 
would be arrested at a depth of 1 ft 3 in. below the 
hearth level. 

Voice* had already suggested that air might with 
advantage be substituted for water as the cooling 
medium and it was certainly considered to be safer in 
the event of an unexpected penetration through the 
hearth bottom. It was therefore decided to use air as 
the cooling medium. 

BISRA were asked to make new calculations for the 
revised construction and a summary of the methods 
used is presented. 

The heat flow down through the hearth can be con- 
sidered in two parts, that directly beneath the hearth 
and that below the walls. That through the centre 
cylinder may be considered as uniform over the cross- 
section. The outer annulus, however, necessitated 
using the BISRA analogue to estimate the tempera- 
ture distribution and heat flow. As before. thermal 
conductivity of carbon was taken as 3-4 Btu ft h F 
and the hot metal temperature at 1500°C. Thus the 
heat flow through the hearth was estimated as 

3:4 


— x 2350 


: 1270 Btu/ft?h 
6°33 


and the heat flow through the annulus was estimated 
as 
540 Btu/ft*h 


* E. W. Voice: Tron Steel Eng., 1952, 29, July, 125 





TABLE |! Details of calculations for pad depth of 6 ft 3 in. 





Total Interface 
vertical tempera 
heat flow, ture, ° 


Btu h 


Heat flow Heat flow 
down down 
through through 
hearth, base, 
Btu/ft*h Btu/ft?h 


Thickness Depth of 
of fire freezing 
! 


brick, in line, in 


1500 466000 

1100 323000 512 
875 258000 784 
-9 


720 355 216000 970 
600 b 179000 1100 








<A oe 
“4 1928 Hearth leve 
xa ¥ 





‘ 
x eee 
wi 


Tg Alumina brickwork 
bes 
orbon brickwork 


3 Design for unde rT cooled carbon hearth. no if érnace 


Therefore the necessary heat extraction rate was 
estimated to be 412240 Btu/h giving an average heat 
flow of 930 Btu/ft?h. 

The rise in temperature of the air passing beneath 
the furnace depends upon the heat transfer co-efficient 
from the duct wall to the air. This may be calculated 
from the Reynolds number for the air flow. Since it 
was proposed to use standard fans it was known that 
the air tlow through the centre duct would be about 
500 ft?/min. although the calculation of the heat 
transfer co-efficient was relatively insensitive to this 
value. The Reynolds number proved to be 77000. The 
Prandle number for air is 0-74. Thus the heat transfer 
co-efficient is 


(60) (0-023) (0-000307) (0-74) (77000)°-§ = 3-0 Btu/ft?h°F 








slide valves and thermocouples in exhaust air duct from fan 1 
3 slide valves and thermocouples in exhaust air duct from fan 2 
H thermocouples in tubes set between the mild-steel baseplate 
and hearth bricks 


4 Air flow arrangement for no.3 furnace 
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6 Weekly average hearth temperature, exhaust air temperature, 
furnace in 


and atmospheric air te m perature of no.3 


16 months’ 


first 


ope ration 


Thus the temperature difference between the air 
and duct wall would be 

930 ‘ . 

30 310°F 

If the inner surface of the duct has an average tem 
perature of 380°F then the effective mean temperature 
of the air flowing through the duct would be 
70°F 


380 


The temperature is 50°F, so the 
logarithmic mean temperature difference formula 
gives an exit temperature of about 90°F. Thus the 
temperature rise would be 40°F. 

In order to extract the necessary 412240 Btu/h of 
heat the volume of air required would be 

412240 


———___—_—_—_——_— S850 ft?/min 
(00-0194) (40) (60) 


310 


average alr 


With a given airflow, then as the inlet air tempera 
ture varies so the exit air temperatures will also vary 
in sympathy giving a constant difference of about 
40°F. 


Details of construction for no.3 furnace 
After consideration of these theoretical factors and 
practical site conditions it was decided to install an 
under-cooled carbon hearth using air as the cooling 
medium, and the hearth design is shown in Fig.3. 
Mild-steel joists 6 in. x 5 in. were laid parallel below 
the hearth and the ducts completed by welding plates 
across the joists thus making an air- and water-tight 
bottom. Two fans were provided each capable of 
delivering 4400 ft*/min of air at a pressure drop of 7 in. 
wg and a connexion was made to the cold-blast main 
for emergency use. The air flow arrangement is shown 
in Fig.4 and it will be seen that alternate ducts were 
connected together and the exit flues provided with 
dampers so that the flow through any section could be 
controlled. The hearth walls were constructed of 
standard carbon bricks and the pad of interlocking 
corrugated blocks 12 in. x 12 in. x 20 in. Six thermo- 
couples were placed on the top of the joists, and after 
levelling with carbon ramming the carbon blocks were 
placed in position. The carbon side walls were cooled 
with external sprays on the hearth jacket. 


Operating data for no.3 furnace 

Although the design work was carried out in 1955 and 
1956, and construction in 1957, owing to trade con- 
ditions the furnace was not blown in until August 1958. 
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TABLE I! Alterations in slide settings from 28 August 1958 





t 
s 
10 

10 
10 10 
10 10 


, and B4 opened 1 in, ¢ 
, and B4 opened IL in, ¢ 
$4 opened | in. at 9.45 am 
at ll ar 

3, A4, and B4 opened 2 in. at 9.30 ar 
5, A6, and B6 closed 1 in, at 2.50 pr 
1, Bl, A6, and B6 closed 1 in, at 2.10 pn 
5 opened | in. at 2.55 pm 


Perr rrr rs” 





is fully open at 10 u 


Figure 5 shows in graphical form details of the tem- 
peratures over the first 16 months’ operation. Table U 
shows the alterations made in the various slide settings 
in the exit flues to achieve a uniform temperature over 
the whole of the hearth bottom. This proved 
possible although, as was expected, most of the air had 
to be forced across the centre of the furnace and very 
little under the side walls. 

Although Fig.5 shows the weekly average hearth 
temperature of the six thermocouples below the car- 
bon, in fact there has been very little variation in the 
individual figures, and the same applies to the average 
discharge temperatures from the flues. 


For protection during the blowing-in period 9 in. of 


firebrick was put over the top of the carbon and it is 
assumed that this disappeared some time between the 
beginning of September and the beginning of Novem- 
ber 1958 which is the period of greatest temperature 
gradient 

From then on the rise in temperature has been very 
gradual and has been partly related to an increase in 
air temperature due to summer conditions. The whole 
of the cannot attributed to 
changes in air temperature and it is considered that it 
is due partly to erosion and partly to an increase in the 
conductivity of the top course of carbon due to im- 
pregnation with iron and to graphitization. The 
increase in temperature, however, after the initial 
blowing-in rise is only 60°F which does not indicate 
any serious erosion, and all the indications are that the 
carbon is almost completely intact 
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The furnace has operated well, there has been no 
difficulty in maintaining hearth temperature, and the 
coke rate been no higher than on furnaces of 
normal firebrick construction. The emergency cold air 
connexion has only been used once when it became 
necessary to change one of the fans 


has 


Details of design for no.5 furnace 

Experience with no.3 furnace has suggested that the 
design would be improved if the maximum cooling 
could be obtained at the centre of the hearth. Figures 
6 and 7 show the design and air flow arrangement for 
no.5 furnace. The hearth construction remains as 
before but cold air is taken direct to the centre of the 
hearth and comes out along a series of radial ducts, 
and this arrangement gives the maximum of cooling 
at the point where it is most needed. The capacity of 
the fans has also been increased to provide a reserve 
against any increase in conductivity which may arise 
due to iron impregnation or erosion 


SUMMARY AND CONCLUSIONS 
Theoretical considerations have indicated the advan- 
tages to be gained from a cooled carbon pad _ in 
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preventing hearth erosion. They have also shown that a 
satisfactory construction can be evolved without a 
firebrick insulating course below the carbon, and that 
air is a satisfactory coolant. 

Details of the design of Stanton no.3 furnace hearth 
and a modified design for Stanton no.5 furnace hearth 
are described based on the theoretical considerations. 
The operating data for the first 16 months of the cam- 
paign on no.3 furnace is given and this indicates that 
hearth penetration has been almost completely arrest- 
ed without adverse effect on blast-furnace operation. 

It is considered that while these two installations 
were designed to meet a special problem at Stanton, 
the principles may have a universal application in the 
construction of blast-furnace hearths. On a new 
installation the cost of under-hearth cooling using a 
carbon pad is not likely to be much more than a con- 
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ventional construction employing a thick firebrick pad 
and a deep hearth jacket. The advantages to be gained 
from this type of construction in preventing hearth 
penetration and consequent hearth breakouts are con 
siderable, and if, as is expected, the formation of a 
salamander has been prevented, there should be sub- 
stantial savings in relining costs to offset against any 
additional construction cost. 
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Effect of Al and N on the occurrence of 
intergranular fracture in steel castings 


B. C. Woodfine, Ph.D., B.Met. and A. G. Quarrel/, D.Sc., Ph.D., A.R.C.S., D.C. 


INTRODUCTION 

A peculiar form of fracture characterized by large 
smooth facets and having the general appearance 
shown in Fig.1 is oceasionally found in carbon and low 
alloy steel castings. It is associated with a low tensile 
ductility and low impact values, and is usually referred 
to as ‘intergranular’ or ‘rock-candy’ fracture. As part 
of an investigation into the occurrence of this form of 
fracture in commercial castings it was decided to re- 
examine the conclusion reached by Lorig and Elsea,} 
that aluminium nitride precipitation at the primary 
austenite grain boundaries was one of the principal 
causes of intergranular fracture. Although the term 
intergranular fracture will be used without qualifica- 
tion, it is apparent from the size of the facets that this 
term is not strictly accurate. The fractures do not 
occur around the grain boundaries present in the steel 
at the temperature of testing but around what were 
either the delta or the austenite grain boundaries. 


EXPERIMENTAL 
The experimental steels were made in high frequency 
furnaces using materials of different nitrogen 
contents (see Table 1). After the alloying additions had 
been made to bring the melt to the required composi- 
tion, the metal was cast into green sand moulds to give 
either keel block or simple cylindrical rod castings. 
Preliminary experiments on a commercial steel 
showing intergranular fracture demonstrated that the 
presence of the intergranular could be 


base 


weakness 
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SYNOPSIS 

An investigation has bee into the 
intergranular fracture in low alloy steel castings of vary- 
, and it has been 
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confirmed that this type of fracture is (8 
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7 io. offered for the absence of 


intergranular fracture from steels containing very large 


An explanation is 


amounts of aluminium nitride and it 1s shown that inter- 
qran ular fracture can be avoide d by deoridizing with 
titanium, with 


aluminium. The effect of heat-treatment on the occurrence 


zirconium, or titanium in combination 


of ante rqranular frac tu ré has also hee nm erarmine d. LS25 


masked by brittle cleavage fracture if the specimens 
were broken in the annealed or normalized condition, 
so the sections cut from the castings were oil-quenched 
from 900°C, tempered at 650°C for 1 h, and then 
water-quenched to avoid any possible occurrence of 
temper brittleness. After heat-treatment the speci- 
mens were notched with a saw cut and broken by slow 
bending in a hydraulic testing machine. The extent of 
intergranular fracture was determined by inspection of 
the fractured surfaces. 

The total nitrogen content of a steel was determined 
by dissolving a sample in dilute sulphuric acid, fuming 
for 1 h, distilling with caustic soda solution, absorb- 
ing the ammonia released in boric acid solution, and 
finishing absorptiometrically after colouration with 
Nessler’s reagent. The acid-soluble nitrogen was deter- 
mined by the same method, omitting the fuming treat- 
ment. The aluminium nitride content of the steel was 
estimated by the ester halogen separation method 
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Typical example of intergranular fracture in heat-treated 
sample s from a steel casting 


devised by Beeghly.?-* The acid-soluble aluminium 
content was determined by the standard phosphate 
method.® 


PRELIMINARY EXPERIMENTS 

The first series of 15 lb keel block castings were made 
using the side-blown converter scrap adjusted to the 
rough composition 0-3°%4C, 0-5°Si, 1%Mn, 0-5°%Cr, 
1%Ni, with aluminium additions of 0, 7, 12, 19, 28, 
and 37 |lb/ton, and were allowed to cool to room tem- 
perature in the moulds. Examination of the fractures 
of the hardened and tempered specimens showed that 
the only casting to contain any trace of intergranular 
fracture was that treated with an aluminium addition 
of 7 lb/ton. 

The next series of casts were made in the same way 
to the same basic composition with aluminium addi- 
tions of 0, 5, and 9 Ib/ton but were knocked out from 
the moulds as soon as they had solidified and trans- 
ferred to a furnace at 980°C. After 1 h at this tempera- 
ture they were cooled over 20 h to 300°C in the furnace 
and then air-cooled to room temperature. The casting 
made with no aluminium addition showed no inter- 
granular fracture but the fractures of both the alu- 
minium-treated castings had 30-40°, intergranular 
fracture (Fig.2). Metallographic examination of the 
two aluminium-treated castings revealed a fine pre- 
cipitate following what were presumably the prior 
austenite grain boundaries (Fig.3). The precipitate 
linked up with the intergranular fracture facets and 
appeared identical to that observed by Lorig and 
Elsea' and identified by them as aluminium nitride. 
No intergranular precipitates could be detected in the 
first series of more rapidly cooled castings. 

These preliminary experiments demonstrated that a 
form of intergranular fracture could be produced in 
low alloy steel castings by treatment with aluminium, 
provided that a sufficiently slow cooling rate was 
achieved after solidification, and that this intergranu- 
lar fracture was associated with a grain boundary pre- 
cipitate of aluminium nitride. 


EFFECT OF ALUMINIUM ADDITIONS ON STEELS 
OF VARIOUS NITROGEN CONTENT 


In this series of melts, electrolytic iron, a plain carbon 
steel, and Armco iron were used as base materials to 


TABLE | Nitrogen content of the base materials used 





Acid-soluble nitrogen, ° 
0-015 

> 0-02 
0-0105 
0-005 


Base material 

Side-blown converter scrap 
Electrolytic iron 

High purity plain carbon steel 
Armco iron 
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2 Intergranular fracture in heat-treated Al-killed casting 


give high, medium, and low nitrogen contents respec- 
tively in the final castings. Additions were made to the 
melts to give compositions of about En100 after which 
a number of 1 in. dia. rods with simple cylindrical 
feeder heads were sand-cast, each with a different alu- 
minium addition. The castings were knocked out of 
the moulds immediately after solidification and trans- 
ferred to a furnace. The low and medium nitrogen 
castings were held at 950°C for 3 h, at 900°C for a 
further 3 h and then furnace cooled to room tempera- 
ture. The high nitrogen castings were held at 980°C for 
2 h, cooled to 900°C for a further 3 h, and then furnace 
cooled. 

Fracture tests were made on a heat-treated sample 
from each casting with the results given in Table II. 
The results show that with an acid-soluble nitrogen 
content of about 0-005°,, 100°, intergranular fracture 
obtained with high aluminium additions 
(7 or 14 lb/ton), and that with a high total nitrogen 
content (about 0-015°,) relatively low aluminium 
additions can also produce 100°, intergranular frac- 
ture. 

The results for the high nitrogen castings (B1—B6) 


can be 


Intergranular precipitate in Al-killed casting, as-cast con- 


dition, etched in picral 
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Effect of Al on the occurrence of intergranular fracture in steels of varying nitrogen content 





Deoxidants 
added 


Nitrogen content 


Base material Acid soluble, % 


, Ester halogen, %, Total, ‘ 


Intergranular fracture in the 
hardened and fully tempered 
condition, ‘ 


Acid-soluble Al, 





Fe-Si only 
1} lb/ton Al 
3$ lb/ton Al 
7 lb/ton Al 
14 lb/ton Al 
28 lb/ton Al 
Fe-Si only 
1} lb/ton Al 
34 lb/ton Al 
Fe-Si only 
7 lb/ton Al 
14 Ib/ton Al 


0-0031 
0-0065 
0-0173 
0-0143 
0-0159 
0-0162 
0-0070 
0-0107 
0-0106 
00-0048 
0-0054 
0-0046 


Electrolytic iron 0-0017 
0-0051 
0-0140 
0-0116 
0-0154 
0-0165 
High purity 

plain carbon steel 


Armco iron 


0-0148 Ol 5 
0-0163 06 80) 
0-0173 142 95 
0-0153 230 100 
0-0165 366 100 
00-0220 865 0 
O12 0 

O17 0 

0-158 
0 





have two noteworthy features: (a) although no deliber- 
ate aluminium addition was made to the first casting 
and this only had acid-soluble and ester halogen 
nitrogen contents of 0-0031 and 0-0017°, respectively, 
there was a trace of intergranular fracture present, 
and (6) the amount of intergranular fracture increased 
with increasing aluminium additions up to 14 |b/ton 
but with an aluminium addition of 28 lb/ton, inter- 
granular fracture was entirely absent. 

Metallographic examination of specimens cut from 
the heat-treated pieces of the high nitrogen castings 
showed that there was no visible grain boundary pre- 
cipitate in cast Bl, and that in cast B2 only very faint 
traces of such a precipitate could be found, although 
the amount of intergranular fracture observed was 
about 80%. In casts B3, B4, and B5 there were obvi- 
ous grain boundary precipitates present (Figs.4-6); the 
precipitate becoming coarser as the aluminium content 
of the steel was increased. In cast B5 the precipitate 
consisted almost entirely of needles which had grown 
away from what was presumably the original austen- 
ite boundary into the grains on either side. Examina- 
tion under polarized light showed that the needles 
were anisotropic, and their general appearance was 
identical with the precipitate identified as aluminium 
nitride by Lorig and Elsea. In cast B6, which showed 
no intergranular fracture although it had an extremely 
high ester halogen nitrogen content, 0-0165°,, there 
was no sign of a grain boundary precipitate but there 
were many large, dark grey, angular particles of a type 
not previously observed (Fig.7). Many of the particles 


: 
ot FF 
AP! 

Pie a 
. 


° 
ot i Ree eee 


Grain boundary precipitate in cast B3 in que nched and 
tempered condition, etched in picral 


were hexagonal in shape and their general appearance 
and strong anisotropic response to polarized light 
agreed with the published data for aluminium nitride.*+7 


EFFECTS OF TITANIUM AND ZIRCONIUM ADDITIONS 
The results described above demonstrate that alu- 
minium nitride can produce a form of intergranular 
fracture in cast steels, and since both titanium and 
zirconium form nitrides which are more stable than 
aluminium nitride, a few casts were made to see what 
was the effect of adding these elements, with or with- 
out aluminium, 

To examine the effect of titanium additions three 
15 lb keel block castings were made from the side- 
blown converter-scrap adjusted to the composition 
of about 0-3°C, 0-5°,Si, 1% Mn, 0-5°,Cr, 1%Ni, with 
additions of ferrotitanium 19 Ib/ton and aluminium 
5 lb/ton, separately and together. After casting, the 
keel blocks were knocked from the moulds and trans 
ferred to a furnace at 980°C for 1 h before cooling in 
the furnace to room temperature. Examination of the 
fractures of the heat-treated slices from the 
showed that intergranular fracture was only present 
in the casting to which aluminium by itself had been 
added. The analytical results obtained on the castings 
and the mechanical properties of the heat-treated 
slices are given in Tables LII and IV respectively. It is 
apparent that even in the presence of 0-18% Al and 
with a total nitrogen content of 0-014°,, 0-08%, Ti pre- 
vents the occurrence of intergranular fracture without 
adversely affecting the mechanical properties of the 


blocks 


aN 


«Tee 


5 Grain boundary precipitate wm cast B4 in quenched and 


tempered condition, etched in picral 
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6 Grain 


te mp red ¢ 


boundary precipitate in cast BS in quenched and 


ondition, etched in peeral 


steel. The analytical results show that in the steel con- 
taining titanium, the ester halogen nitrogen is con- 
siderably greater than the acid-soluble nitrogen, which 
agrees with the observations of Beeghly.* This is pre- 
sumably because some of the Ti (C, N) compounds were 
caused to break down by the bromine used in the ester 
halogen separation. It will be noted that the acid- 
soluble nitrogen content of the steel deoxidized with 
aluminium plus titanium is less than that of the steel 
treated with titanium alone (cf. AlS8S and A116 of 
Table LI). Efficient deoxidation by aluminium prob- 
ably leaves most of the titanium to combine with 
nitrogen. The relative stabilities of Al,O, and TiO, 
would accord with this view. 

In the steels containing titanium, in addition to 
inclusions of TiC, TiN, and Mns, a tan-coloured phase 


was also observed with the same general appearance 
as the sulphides observed by Sims et al.> in steels 


deoxidized with titanium. This phase was probably a 
Ti-Mn—Fe sulphide and although present as grain 
boundary films and in the form generally referred to as 
Type II sulphide inclusions®: * its presence did not 
result in a decreased ductility nor in the occurrence of 
intergranular fracture. No grain boundary precipitate 
other than the sulphide films was found in the castings 
containing Ti, but in the steel deoxidized with alu- 
minium alone there were occasional strings of grain 
boundary particles similar to those observed in the 
other casts treated with aluminium. 

To examine the effect of zirconium additions a 
series of cylindrical rod castings were made from the 
plain carbon steel scrap, to the rough composition 
0-6%C, 2%Mn, 0-1%Si, 0:6%Cr, 0-8°,Ni using 
different amounts of a silicon—40%Zr alloy and alu- 
minium as deoxidizers. After solidification the castings 
were treated for 3 h at 950°C, and 3 h at 900°C before 
furnace cooling. The fractured specimens showed that 
an addition of the Si-Zr alloy equivalent to 2 lb/ton 
to the melt just before pouring produced a fully-killed 
steel with no trace of intergranular fracture, but that 
when aluminium additions of 4 lb/ton were made to 
the mould, Si-Zr additions to the melt of up to 
4 lb/ton were completely ineffective in preventing the 
oceurrence of intergranular fracture. 
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7 Inclusions of MnO 


cast B6 


FeQ, AL,Os, and AIN (hexagonal par- 


ticles) in 


EFFECT OF HEAT-TREATMENT ON THE OCCURRENCE 
OF INTERGRANULAR FRACTURE 

Beeghly*® has shown that aluminium nitride can be 
taken into solution in austenite by heating in the range 
1100-1250 C, and retained in solution by quenching. 
It was decided therefore to examine the effect of heat- 
treatment on the occurrence of intergranular fracture, 
and to this end a number of experiments were made on 
cast B2 which showed 80°, intergranular fracture in 
the heat-treated condition. 
quenched and tempered at 650 C after heating in an 
atmosphere of argon at temperatures up to 1250°C for 
various times. Although the amount of intergranular 
fracture was apparently reduced by heating at tem- 
peratures of 1100 and 1150°C, it still persisted after 
treatment at 1200 C for 5 h. Complete removal could 
only be achieved by heating at 1250°C for times of 
more than about 2 h. To see whether intergranular 
fracture would reappear on holding at lower tempera- 
tures after the high temperature treatment, specimens 
were heated at 1250 °C for 2 h, and were then cooled in 
the furnace to 900°C and held for 20 h before being oil- 
quenched and tempered. The fractures of these speci- 
mens were found to be 100°, intergranular in nature, 
but they had a different macroscopic appearance from 
those in the original heat-treated casting, being com- 
posed of small polyhedral facets. The identity of these 
facets with the austenite interfaces established by 
heating at 1 250°C was confirmed by sectioning the frac- 
tures. To determine the highest temperature at which 
the intergranular weakness would develop, a number 
of specimens were heated at 1250°C for 2 h, cooled to 
various lower temperatures for 1 h and then oil- 
quenched and tempered before fracturing. Specimens 
held at or below 1 100°C showed intergranular fracture 
at the new austenite boundaries. 


Specimens were Oil- 


OCCURRENCE OF INTERGRANULAR FRACTURE IN 
COMMERCIAL CASTINGS 

A number of commercial castings showing inter- 
granular fracture have been examined and without 
attempting to discuss these in detail there are several 
points which merit comment. Two cases were found 
where the fracture was almost certainly not due to 
aluminium nitride alone. In the first example, a C-Mn 
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TABLE tll Nitrogen content of Ti and Al deoxidized steels 





Acid, 
soluble 
, Total, °, Al, 


Nitrogen content 
Acid 


soluble, ° 


Ester 


halogen, 


Deoxidant 

used 
00-0026 
Al7 ; 00-0003 
Al8 Fe-Ti+Al 0-0018 


00-0056 0-0137 
O-O11LY 


0-O137 


0-06 
o-l4 


0-0057 O-is 





steel wheel-centre casting, intergranular fracture was 
associated with grain boundary films of ferrite, and 
was not present when the specimens were quenched 
and tempered. In the second case, an ingot of a 4°,Ni 
Cr steel, the intergranular weakness was completely 
removed at 1250 C and could not be made to reappear 
by holding at lower temperatures or by slow cooling 
All of the castings, however, had ester halogen nitro 
gen contents greater than the lowest value at which 
intergranular fracture was observed in the eX perl- 
mental casts, and, except for the two cases mentioned 
above, there was some correlation between the ester 
halogen nitrogen content and the extent of inter 
granular fracture. A number of high temperature heat 
treatments were carried out on samples from a 6 in. 
thick armour-plate test casting and it was found that 
it showed almost exactly the same response to heat 
treatment as did the experimental cast B2. The inter 
granular fracture was still present after heating at 
1200°C for 5 h but could be removed at 1250 C by 
heating for more than 1 h. Specimens given this heat- 
treatment and subsequently cooled to lower tempera 
tures showed intergranular fracture at the new austen 
ite grain boundaries after holding for | h at or below 
1140 C. Specimens held at 900°C for various times 
were found to give about 10°, intergranular fracture 
after | h, 50°, after 1h, and 100°, after 20 h. This par- 
ticular steel had an acid-soluble nitrogen content of 
about 0-009°, 
0-082. 


, an ester halogen nitrogen content of 
,and an aluminium content of 0-07°,. 


DISCUSSION 


The that aluminium 
nitride can produce a form of intergranular fracture in 
low alloy steel castings if these are slowly cooled after 


results desc ribed above show 


solidification or are held in the temperature range 
800-1100 C, and that the intergranular fracture is 
most evident when the steel is in the quenched and 
tempered condition. The heat-treatment results also 
show that, in agreement with the work of Beeghly* 
and Leslie et al.!° on the solubility of aluminium 
nitride in intergranular fracture can be 
removed by heating at 1250 C but reappears on cool 
ing below about 1 150°C, although it then occurs at the 
interfaces of the austenite grains established by the 
high temperature heat-treatment. Although in many 
cases of intergranular fracture a grain boundary pre- 
cipitate of aluminium nitride in the form of particles, 
rods, or needles could be detected metallographically, 
this was not always so; in one steel showing 80°, inter- 


austenite, 


granular fracture there were only very faint traces of a 
precipitate. All these observations are in 
with the work of Lorig and Elsea.! 

The results obtained with the high nitrogen base 
material (series B), where it was observed that inter 
granular fracture was not present with an aluminium 
addition of 28 Ib/ton. can be explained by reference to 
the metallographic observations. With ester halogen 


agreement 
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TABLE IV Mechanical properties of Ti and Al deoxidized 
steels 





ucal properties ¢ 


ind temp. 


A16 I9 lb/tom Fe-Ti 44-1 

A17 5 lb/ton Al 41-6 

AI8 Sth/ton Aland 43:3 
1¥ Ib/ton Fe-Ti 





doubtful 
whether any grain boundary precipitate is visible, but 
on increasing the ester halogen nitrogen content to 
between O-OLI6 and O-O154°,, 
pre ipitated particles occur 


nitrogen contents of up to 0-005", it Is 


continuous chains of 
changing in appearance 
from rounded particles and small needles to large 
from the grain boundary. The 
precipitate becomes coarser with increasing aluminium 
content until at about O-S°, Al and an ester halogen 
nitrogen content of O-O165°,, the precipitate ceases to 


needles grow Ing out 


occur at the grain boundaries at all, and is replaced by 
general precipitation within the grains of more or less 
uniformly distributed angular shaped particles of alu 
minium nitride the 
complete disappearance of intergranular fracture. The 
size and distribution of the particles suggest that in 
casts B2 
after solidification 
nitride nuclei exist 


This change is associated with 


35 precipitation of aluminium nitride occurs 
cast B6 aluminium 
in the melt and any further pre- 
cipitation after solidification occurs on these nuclei 


whereas in 


Krom the nitrogen analvses the critical concentration 
of aluminium nitride would appear to be that corres 
ponding to about 0-016°,N and this presumably repre 
sents the solubility of aluminium nitride in the liquid 
at some temperature just above the solidus 

The changes in the form of the precipitates in casts 
B2-B5 are not easy to explain as it would be expected 
that with increasing amounts of pres Ipitate the grain 
boundary particles would become more continuous 
giving relatively thick grain boundary films. Instead 
of this, the nitride changes its mode of growth to give 
needles extending into the 
possible that this process re sults from the segregation 
of aluminium atoms at the boundary with increasing 


austenite grains. It is 


aluminium content. From the metallographic observa 
tions it also appears that the grain boundary weakness 
leading to intergranular fracture can without 
there being any visible grain boundary precipitate 
and it may be that this weakness is also the result of a 


aoccul 


segregation process 

The analytical results show that relatively small 
amounts of aluminium nitride can produce appreciable 
amounts of intergranular fracture in alloy steel 
when suitable heat-treatment. For 
example, cast B2 has an ester halogen nitrogen content 
of O-OOS5SL°., shows 80°. 


low 
castings given a 
intergranular fracture 
and cast Bl has a trace of intergranular fracture with 
an ester halogen nitrogen content of only 0-001L7°% 


and 


It has been shown that titanium and zirconium may 
themselves for deoxidation 
without giving rise to the intergranular fracture which 
Is produced in the same steels by the addition of alu 
minium, but it appears that whereas titanium addi- 
tions will prevent the development of intergranular 


be successfully used by 


fracture even in the presence of aluminium this is not 
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the case with zirconium additions. This result is not 
entirely unexpected since the stability of the oxides 
and nitrides decreases in the order ZrO,, Al,O;, TiOg, 
ZrN, TiN, and AIN, and additions of titanium and alu- 
minium would tend to give Al,O, and TiN whereas 
zirconium and aluminium additions would tend to give 
ZrO, and AIN. 

Since it has been shown in this and previous work 
that aluminium nitride precipitation occurs on slow 
cooling below about 1150°C it would be expected that 
all aluminium-killed steels would contain precipitates 
or segregates of aluminium nitride. The reason that 
intergranular fracture is not observed in wrought 
steels may be due to a combination of low internal 
stresses in the ingots, and hot working of the metal 
which would tend to break up the precipitates at 
temperatures where solution and re-precipitation of the 
aluminium nitride would not readily occur. It is inter- 
esting to note, however, that in an investigation into 
the causes of longitudinal panel cracking in ingots 
Desai!! showed that high aluminium or high nitrogen 
contents encouraged this form of defect and that the 
ductility of Enl8 composition steels at temperatures 
between 500° and 800°C was progressively reduced as 
the aluminium nitride content was increased. This 
work demonstrates that in addition to producing a 
grain boundary weakness at room temperature, alu- 
minium nitride, by reducing the high temperature 
ductility of the steel, may also give rise to inter- 
granular failure at elevated temperatures. Desai also 
showed that the partial replacement of aluminium by 
titanium or vanadium improves the ductility of the 
steels at about 600°C but that partial replacement by 
zirconium was not effective in improving the ductility. 
This suggests that vanadium would also be effective in 
preventing intergranular fracture if used either in 
combination with or in place of aluminium. 

There would appear to be little doubt that alumin- 
ium nitride is one of the principal causes of inter- 
granular fracture in commercial steel castings but it is 
clearly not the only cause of this defect. A simple test 
to determine whether aluminium nitride is responsible 
for intergranular fracture in any particular case would 
be to determine whether it could be removed by heat- 
ing to 1250°C and caused to reappear by slow cooling 
below 1 150°C 


SUMMARY AND CONCLUSIONS 

It has been confirmed that aluminium nitride can give 
rise to a form of intergranular fracture in steel castings, 
and that in aluminium-killed steels this defect can be 
minimized by keeping the nitrogen content of the 
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steel as low as possible, by restricting the aluminium 
additions to the very minimum required for complete 
deoxidation, and by a high cooling rate after solidifica- 
tion. It has also been established that intergranular 
fracture can be avoided by deoxidizing with titanium 
or zirconium or by using titanium in combination with 
aluminium. Intergranular fracture due to aluminium 
nitride can be removed by heating at 1250°C but it 
reappears at the new austenite grain boundaries on 
slow cooling below about 1150°C. Aluminium nitride 
contents equivalent to about 0:002°,,N can give rise to 
intergranular fracture in low alloy steels if they are 
slowly cooled after solidification, but with aluminium 
nitride contents equivalent to about 0-016°,N, nuclei 
of aluminium nitride are formed in the melt and subse- 
quent precipitation in the solid steel occurs on these 
nuclei so preventing the development of the inter- 
granular weakness which produces intergranular frac- 
ture. Although a grain boundary precipitate of alu- 
minium nitride has been observed in severely em- 
brittled steels, the occurrence of intergranular fracture 
is not always associated with a visible aluminium 
nitride precipitate. 
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Practical estimation of composition balance 
and ferrite content in stainless steels 


L. Pryce and K. W. Andrews 


INTRODUCTION 


SOME GRADES of austenitic stainless or heat-resisting 
steel may contain small amounts of ferrite at rolling 
temperatures. In such cases difficulties in rolling may 
arise and it is desirable to be able to estimate the 
amount of ferrite and to control it. Similarly, in some 
grades of chromium—nickel steel for service at high 
temperatures the problem of sigma-phase formation 
may also arise. The authors and their colleagues have 
previously suggested the use of formulae which may 
be based on a phase diagram for the three major com- 
ponents (Fe, Cr, and Ni) and factors for other ele- 
ments.!» 2 In a recent review Ergang and others? deal 
at some length with these formulae. In view of this 
interest the present paper puts on record some 
improvements in the original formulae, especially the 
factors for manganese and molybdenum, and refers to 
developments in the application to ferrite control. 


FERRITE FORMATION 


It has been found convenient to refer to an equivalent 
nickel and chromium content and to use a modified 
Schaeffler-type diagram*: > in which these quantities 
are plotted in rectangular coordinates and lines are 
drawn representing 0, 5, and 10° ferrite. For this 
diagram, which is shown in Fig.1]. the following for- 
mulae are used: 
1S—S steel 
Ur Cr+-38Si 
Ni’=Ni+$Mn+21C+114N 
18-8 Ti steel 
Cr’=Cr-+ 3S8i-+- 10Ti 
Ni’= Ni+ §Mn-+ 21C’ 
Here Ti’ =soluble titanium 


( soluble carbon about 0-03 


The titanium appears to have ‘fixed’ practically all of 
the nitrogen but leaves some of the carbon. Hence 
Ti’=Ti-—4 [(C—0-03)+-N 


Experience has shown that the nitrogen in these 


steels varies somewhat according to the method of 


melting: 
Scrap charges 0-025°,N 


Base mix charges 0-015°,N 
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SYNOPSIS 

Estimation of small amounts of de lta) fer ite in stainless 
or heat-resisting steels is useful in connexion with control 
during rolling. Formulae are qiven for equivale nt nickel 
and contents to he used with a modified 


Nehae {fle fy pe diagram indicating amounts o} ferrite. 


( hron aN 
The diagram is 
hiagran t 


tin cCommere ial 


based on measurement of ferrite content 


casts. Sigma phase is also considered. 


This forms much more rapidly from ferrite than from 


austenite, some advantage being obtained by ensuring a 


fully austenitic steel at high te mperatures, Complete 


avoidance which are 


1842 


UM poses restrictions 


further 
indicated. 


18 Ss Mo Ti steel 
C1 Cr+ 3Si Mo 
Ni Ni+-4Mn-- 21 
Ti’ and ¢ 

18-8 Nb steel 
Cr Cr+ 3S8i+4Nb 
Ni Ni+ 4Mn-+ 21C’ 
. about 0-08 (as 


Nb Nb s ( 
Molybdenum 


The potency of molybdenum as a ferrite former appears 
to be dependent on three effects: 


as above 


above) and 


0-03 N 


(i) it is not constant over a wide range and tends 
to vary with Mo content 

(ii) it is affected by the presence or absence of other 
strong ferrite formers 

it is probable that the factor for hot-rolled 
stainless or heat-resisting steels is not the same 
as, for example, the factor for weld-metal 
constitution. 


(ili) 


These observations, particularly the last, may also 
apply to W, Nb, and Ti. 

With Mo contents of 0-5-1-0°, a factor of 1 appears 
to operate even with considerable amounts of Ti, but 
with higher Mo contents, up to 3°, the factor is larger 
and is probably as high as 4. It is therefore necessary 
to determine (e.g. by microscopical or magnetic 
methods) the amounts of ferrite for a number of casts 
within the range of composition for a specified molyb- 
denum-containing stainless steel. 
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Composition balance and ferrite in stainless steels 





Ferrite, Yo 


= 0 or trace only 


Schaeffler-type diagram for 
amounts of ferrite at hot-work 











ing temperatures (~I1 150°C) 


Manganese 


It will be seen that the factor given for manganese is 
0-5. In the previous work a factor of 1-5 had been pro- 
posed. Further work has shown this to be too high. 
The original choice had been made on the basis of the 
influence of Mn in low-alloy steels.® It is now appreci- 
ated that with more than about 12°, chromium the 
potency of manganese as an austenite former is very 
much reduced. This effect is present in Fe-Cr-Mn 
alloys and is reflected in the shape of the austenite- 
phase boundary in that system.’? The principle evi- 
dently extends to containing appreciable 
amounts of nickel and experience in our laboratories 
and elsewhere in connexion with high-manganese 
stainless steels reflects this tendency. Gow and Harder 
have suggested a factor of 4, but this appears to be too 
low at least for the steels and conditions with which 
we have been concerned. These relationships are 
supported by extensive experience with works casts. 

Figure 1 is based on measurements with some 170 
casts for which the amount of ferrite was determined 
microscopically. Of these, 117 were definitely within 
the duplex austenite+ ferrite region containing up to 
20°, ferrite. The following figures indicate the accur- 
acy which can be expected in the duplex region: 


steels 


No. of Standard 
Steel 
Cr 17 
Cris 


casts deviation 


19, Ni 9-10, Ti (5x C) 94 1-68° 
19, Ni 9-10, Mo 1-4-2—Ti(5xC) 23 3-99, 
Combined results 117 2-3° 
Cr 17-18, Ni 103-114, Mo 2} 30 No ferrite or 
Cr 16-18}, Ni 8-10 | . 25 trace only 
The deviations, based on differences between 
observed ferrite and amount from Fig.l are compar- 
able with those obtained elsewhere for weld metals.° 
There are a variety of obvious possible causes which 
could account for the differences between observed 
amounts of ferrite and the amounts from Fig.l. The 
differences however, tend to be larger with larger 
amounts of ferrite and are not serious from a practical 
point of view. 


ferrite 
ferrite 


ferrite 
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SIGMA-PHASE FORMATION 


The formulae given above indicate, in conjunction 
with the Schaeftler-type diagram, at what point a steel 
may contain a small amount of ferrite at high tem- 
peratures. Earlier work by the authors!» * and others 
has shown that sigma phase forms much more rapidly 
from the ferrite phase than from the austenite matrix. 
Hence from this point of view a fully austenitic struc- 
ture is desirable; at least it considerably extends the 
time required for the maximum effect of sigma forma- 
tion to be reached. 


However, it was indicated that for sigma-phase forma- 
tion to be avoided altogether further limits must be 
set on the composition. On the basis of this work, but 
with the new factor for manganese, it appears that 


sigma formation in steels with 20-25°,Cr and 15°, Ni 
occurs under conditions represented approximately by 
the formulae: 


at 900°C, if Cr’ > 17-54-0°37 Ni 
it 700°C if Cr’ > 17+0-06 Ni 
atter long periods of heating 
In these formulae 


C1 Cr+ 38Si— 12 (¢ 


Ni Ni+0-5Mn-+-21 


0-03) 
0-038 


These expressions allow for C’=about 0-03°,C left in 
solid solution and the rest combined as (Cr, Fe),.Cg. 
For the avoidance of sigma-phase formation at tem- 
peratures below 700°C even lower chromium contents 
would be necessary . 


APPLICATIONS 

From a practical viewpoint the formulae for ferrite 
formation and Fig.l can be used to deduce the am- 
ounts of ferrite from the chemical composition of the 
steels and thus to give a prior indication of their 
behaviour under hot rolling. Under these conditions 
the problem of sigma formation is not important. In 
steels with over 20°,Cr or Cr equivalent, however, 
sigma could be a source of trouble. It becomes more 
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significant after service at high temperatures for long 
periods of time in Cr—Ni steels or in welds of Cr—Ni 
steels with 3°,Mo. 
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h Supple: 


A radiochemical investigation of the 


combustion method for the determination of 


sulphur in cast iron 


R. C. Rooney, A.R.1.C. and F. Scott, B.Sc., F.R.I.C. 


INTRODUCTION 


THE COMBUSTION METHOD for the determination of 
sulphur in cast iron and steel is well known and widely 
applied, but suffers from the disadvantage of being 
non-stoichiometric. This calls for empirical standardiz- 
ation with samples that have been analysed by a 
referee procedure such as the British Standard gravi 
metric method,! and subsequent close adherence to 
the conditions of combustion ete., used for the stan 
dardization 

Many workers have published versions of the pro 
cedure,?~* and a wide range of conditions has been 
recommended. Suggested temperatures range from 
1270 °C, to 1440°C for unalloved materials and 1300 ¢ 
to 1460°C for alloyed steels and irons; some authors 
have used fluxes such as tin, copper, pure 
adium pentoxide, or cobalt oxide, while others have 
used no flux. Oxvgen flow rates have varied from 
750 ml to 3000 ml/min; some workers filtered oxide 
dust from the gas stream with porous silica or firebrick 
plugs in the hot zone of the furnace, others used cotton 


, 


ron, Van 


or asbestos wool in the cold zone, and a further varia 
tion used a preheating period and no filters. Recom 
mended absorbents include water, hydrogen peroxide, 
iodine solution, potassium iodate solution, or silver 
nitrate solution. 

Smith and his co-workers!” carried out an investiga 
tion of sulphur losses using an empty tube method 
with no flux and employing a preheating period, and 
drew a number of from 


conclusions the results ob- 
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SYNOPSIS 
The combustion 
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Cast trol 


The rea 
and the ad 
] 


efieu, 


tained by altering some of the 


variables in the pro 
hampered by the ditfticulty of 
ulphur left in the boats und deposited on 


cedure. They were 
determining 
the furnace walls, so that some assumptions had to be 
made in the final calculations; in spite of these diffi 
culties obtained the 

the conclusions drawn not 
when different experimental con- 


although 


useful results 
that 
apply 


were 


authors stress may 
necessarily 
ditions are used 

In view of the variety of recommended conditions, 
it the 
[ron 


basis tor 


it was decided that the conditions in routine use 
Alvechurch laboratories of The British Cast 
Association should be used 

These conditions have 
number of years, 


Research as a 
been in use for a 
of the 
recommended procedures, were arrived at empirically; 
that they 
over other procedures, and in 
later found that they were 


Investigation 
and, in common with most 
it Is not outstanding 
fact it was 


claimed have any 
advant ive 
inferior on some counts 
rate of 
furnace temperature of 1330 ( 


heating period 


LOOU ml/min, a 
und no pre 
of ferric 


The procedure uses a flow 
no flux 
In view of the large 
oxide dust obtained when cast iron samples are burnt, 


amount 


a porous firebrick plug in the hot zone of the furnace ts 
used to filter the gas stream, and the preferred absorb- 


ent is dilute iodine solution 
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TABLE | Typical sequence of figures obtained with tube 


stabilized by burning 10 samples 





Flow rate, 
ml/min 


Temp., °C 


Yield %SO, Mean 
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TABLE ti Composition of S*° labelled cast iron sample 





ye © YS Ys op 


% Mn 





3:46 2-4: 0-076 0-030 0-58 





1200 
1200 
1200 
1 300 
1300 
1300 
1400 
1400 
1400 


1000 62-8; 60-0; 60-4; 
2000 66-9; 66-6; 66-9; 
3000 64-2; 64-8; 64-0; 
1000 69-7; 70-0; 70-3; 
2000 73-5; 75-2; 74 

4: 70 
8 


3000 70-7: 7 
5 76 


1000 75-2; 75 
2 000 80-7: 79-3: 
7 ) 


3000 75-2; 74-0; 





In order to examine the reasons for non-stoichio- 
metry it would appear to be desirable to investigate 
the distribution of sulphur in the combustion appar- 
atus; the use of radioactive sulphur and tracer tech- 
niques was an obvious choice. An investigation of a 
similar nature has been reported by Fulton and 
Fryxell'! since the inception of this work, but they 
used radio-frequency induction heating in a vertical 
tube furnace; these conditions are not widely employed 
in the UK. In addition, they used as a radioactive 


sample a mixture of iron powder and labelled ferrous 
sulphide, and it was considered possible that this 
mixture would not necessarily give the same results as 


a cast iron sample containing sulphur-35 as a con- 
stituent. Finally, the actual amount of tracer work 
reported was small, relating apparently to a single 
experiment, and not presented in detail. It was de- 
cided to prepare a properly labelled sample and to use 
It in a systematic investigation. 


EXPERIMENTAL 

Experiments with inactive sulphur 

As a preliminary to the radio-chemical work, an 
investigation of variation of yield of sulphur with 
temperature and flow rate was made, using the appar- 
atus of the BCIRA methods of analysis subcommit- 
tee.” Samples (1 g) of BCS standard cast iron no.234/4 
(sulphur content 0-113°,) were burnt, and the yield 
of SO, determined iodimetrically. The standard 
sodium thiosulphate solution was standardized against 
potassium iodate using the procedure given by Vogel,!” 
and the yield of SO, calculated on the basis of the 
reaction 

H,SO,+1,+- H,O 2HI 

Temperatures of 1200°C, 1300°C, and 1400°C were 
used, with oxygen flow rates of 1000, 2000, and 
3000 ml/min. Attempts to use temperatures higher 
than 1400°C were prevented by consistent failure of 
the Alpolain combustion thimbles. 

The furnace temperature was checked with a 
Pt/Pt-Rh thermocouple before, and after, each sample 
and the oxygen flow rate adjusted by means of a Rota- 
meter flow meter immediately after insertion of the 
boat. Some fluctuation of flow rate occurred while the 
sample was burning, but no correction was made as the 
fluctuations were small and rapid. 

Various bubblers and absorbents were used, but no 
significant advantage was found with any particular 
combination. The bubblers used were sintered glass 
dispersal tubes, perforated bubblers of the Westwood 
and Mayer type and simple glass jets. The absorbents 
were iodine solution, potassium iodate solution, N 
sodium hydroxide, and water. It appears that the 


>H,SO,-+ 
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solubility of SO, in water is sufficiently high to over- 
ride considerations of comparative bubbler efficiencies 
etc., although these would probably become important 
if alkalimetric titration was used, when some sulphur 
trioxide is also titrated. Experiments using second 
traps failed to reveal any sulphur dioxide escaping 
absorption, even with the very low yield of sulphur 
dioxide obtained at 1400°C and 3000 ml/min. 

Serious variations were caused by altering the com- 
bustion apparatus. It is well known that the yield 
drops as the furnace tube ages, and Smith and his co- 
workers ascribed this to catalysis of the oxidation of 
sulphur dioxide to trioxide by the ferric oxide coat on 
the tube wall. It was found that a new tube would 
often give a different vield from the previous tube 
when new, and two firebrick plugs often gave different 
yields. Most sets of apparatus reached a fairly steady 
state between 70°, and 80°, yield at 1330°C and 
1000 ml/min after about 10 samples had been burnt, 
and thereafter the yield changed very slowly as build 
up of ferric oxide took place. A typical sequence of 
figures obtained with a tube stabilized by burning 
10 samples is shown in Table I. 


Preparation of radioactive sample 
Sulphur-35 is available from the Radiochemical 
Centre, Amersham, as labelled ferrous sulphide, but 
this form is relatively expensive. A cheaper source of 
supply is sulphur-32 irradiated at Harwell, although 
the product is of lower specific activity and may be 
contaminated with phosphorus-32. A sample of 20 g of 
sulphur was submitted to AERE Harwell, and 
irradiated for 14 days at a pile factor of 14 in BEPO. 
The sample was examined on receipt and found to 
be badly contaminated with phosphorus-32; this was 
probably due to the high pile factor, as the reaction 
$32(n, p) P*? is a fast neutron reaction. It was neces- 
sary to separate the phosphorus as the respective 
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Crusilite rod 
furnace 


Anhydrone drying 
tube 


\ 





absorbent 

















J] 








Rotameter 








2 Combustion and 


absorption 


Silica brick 


| 
plug U 


Boat | 








apparatus 4 


specific activities were S*° 1-14 me/g, and P*? 4-4 me/g; 
the sample residues in the boats were to be examined, 
so that the phosphorus would cause serious inter- 
ference. 

Attempts to remove the phosphorus by oxidation 
with nitric acid or aqua regia were unsuccessful, and 
the product was purified by converting the sulphur to 
ferrous sulphide, liberating hydrogen sulphide and 
using the gas to precipitate ferrous sulphide from 
ammoniacal ferrous tartrate solution. The precipitate 
was filtered, washed, and dried, and found to be radio- 
chemically pure when 
plotted. 

5 g of this labelled ferrous sulphide was packed into 
a mild steel capsule with a screw-in cap, and the 
capsule added to 4 lb of Swedish pig iron, with ferro- 
silicon and ferromanganese additions to produce a 
typical grey iron composition. The melting was carried 
out at the BCIRA Alvechurch laboratories, in the 
National Research Corporation hf vacuum melting 
and casting furnace, under a pressure of 0-5 atm of 
argon, and a small ingot cast; the pouring temperature 
was 1450°C. 

The ingot was analysed and found to have the 
composition shown in Table I]. The sample was taken 
by drilling with a 3 in. drill at 150 rev/min with due 
precautions against radiation hazards. 

The sulphur was determined on samples taken from 
a number of points on the ingot, and the ingot shown 
to be reasonably homogeneous. The figures obtained 
were: 0-076,* 0-077.* 0-075,* 0-078." 0-075,7 0-077,+ 
0-076,¢ 0-075°S.+ 


an absorption curve was 


Radiochemical techniques 

S* is a weak 8 emitter (energy 0-167 MeV) so that the 
personal radiation hazard in this work was low. It was 
found necessary to use solid counting techniques after 
precipitation of barium sulphate, in order to achieve 
the desired sensitivity 
Collins and Myers!* was used. 

In counting, 0-02 g/em? represents infinite thickness 
so that by maintaining the pad thickness at this level, 
maximum sensitivity and precision are obtained. The 
Geiger Miiller tube window was 2-04 em dia., so that 
a pad of 3-3 cm? was required, i.e. 66 mg. This repre- 
sents 9-05 mg of sulphur as carrier, so that the error 
introduced by the additional sulphur derived from the 
sample (always less than 0-75 mg) was small. 





* Gravimetric figures. 


+ Combustion figures 


, and a method similar to that of 


iin 


A calibration curve for the counting equipment was 
constructed by dissolving some of the labelled sample 
in aqua regia, and taking aliquots equivalent to 0, 20, 
40, 60, 80, and 100°, of the 1 g sample to be burnt. 
Then 25-0 ml of a solution of K,SO, (1-965 gpl), which 
corresponded to the desired amount of carrier, was 
added and the solutions processed as for the standard 
gravimetric procedure.! The sulphur was precipitated 
by the addition of 25 ml of barium chloride solution 
3-0 gpl) to the boiling sample solution, the precipitate 
allowed to settle for 4 h, and filtered on the apparatus 
shown in Fig.l. This controlled the weight and size of 
the barium sulphate pad satisfactorily. After washing 
with water and the filter paper disc was 
mounted on a planchette, dried for 30 min and count- 
ed. The counting equipment consisted of a Mullard 
G.M.4 mica window GM tube, of window thickness 
1-7-2-3 mg/cm?, a Panax probe unit and IDL EHT 
unit, scaler, and prescaler. The sample was mounted 
as close to the tube window as possible. 


al ohol, 


The counts per minute (cpm) were corrected for 
background (7-9 epm) and lost counts, and a calibra- 
tion curve plotted. This was a straight line through the 
origin, with a slope such that 1000 cpm was equivalent 
to 6°, of the total sulphur. This enabled as little as 
0-03°,, of the total sulphur to be determined. To allow 
for decay, the 1 g standard was thereafter counted 
daily, but the variation was so small as to be negli- 
gible. 

The fact that the calibration curve is a straight line 
may be taken as an indication that any inaccuracies 
due to there not being any marked excess of barium 
ions present when the precipitation was carried out are 
inside the limits of experimental error. It was con- 
sidered advisable to use a minimum of barium chlor- 
ide, in order to avoid the possibility of adsorbed 
barium in the pad, which would lead to very strong 
self-absorption of the weak f-rays 

Samples (1 g) of the S** labelled iron were burnt at 
1300°C and 1400°C, using flow rates of 1000 and 
2 000 ml/min. The iodine absorbent contained 25 ml] of 
K,SO, carrier, and was titrated with thiosulphate in 
the usual way to obtain the chemical yield. The sul- 
phur introduced in this titration was negligible. After 
combustion, the various fractions 
follows: 

Absorbent Rendered just acid with hydrochloric acid, 
boiled, and barium chloride added. (The delivery tube 
was rinsed into the absorbent with water.) 

Boat Cooled, and treated in a platinum basin with 
25 ml of carrier solution and a mixture of hydro- 
fluoric, hydrochloric, and perchloric acids. This 


were treated as 
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TABLE Ii! Distribution of sulphur in combustion and absorption train 





Total sulphur, ‘ Approx. 
counting 
time, min 


Approx. 
total counts 


Approx. 


1 300° accuracy, 


1000 ml/min 


1 300°C 
2000 ml/min 


1400°C 
1000 ml/min 


1400°C 
2000 ml/min 


1 400°¢ 


Fraction 3000 ml/min 





%SO, by titration 82 s4 87 68 

Iodine B48 88-9 90-1 68-7 
NaOH (1) 3° 5-0 3°7 3-9 27 

NaOH (2) 2-2 0-27 
J0at O-S7 0-14 0-14 
Plug 0-56 O-58 0-47 
Tube , 5-4 5-9 5-2 


Total 98-83 99-49 99-87 


0-06 





mixture dissolved out practically all the slag residue. 
The solution was evaporated to fumes of perchloric 
acid, diluted, filtered, and barium sulphate pre- 
cipitated. 

Silica brick plug 
as the boat. 
Tube This was removed from the furnace, rinsed into 
a 500 ml conical beaker with concentrated hydrochloric 
acid and 25 ml of carrier solution added. The tube was 
then supported in the beaker and the acid boiled so 
that it refluxed inside the tube for 15-20 min. The tube 
was removed, rinsed with water and the solution 
evaporated to low bulk, diluted, filtered, and barium 
sulphate precipitated. 

The first results obtained using this technique 
indicated a loss of active sulphur, so a further series of 
tests was carried out, in which the gases from the 
absorbent were led into a second absorbent vessel and 
bubbled through 20°, sodium hydroxide plus carrier. 
The white fumes which were seen to pass through the 
first absorbent appeared to be completely retained by 
the second. This second absorbent was acidified with 
hydrochloric acid, carbon dioxide boiled out, and 
barium sulphate precipitated. The results were still 
slightly low, so a third series of tests was carried out 
using a third absorbent vessel, again containing 20°, 
sodium hydroxide, plus carrier. The final apparatus is 
shown in Fig.2. The results for iodine absorbent, boat, 
plug, and tube showed good agreement in these three 
sets of tests. 

The decrease in yield of SO, noted in the inactive 
experiments when a flow rate of 3000 ml/min was 
used, was investigated by burning a sample at 1400°C 
and this flow rate. 


This was treated in the same way 


RESULTS 
The results for the final series of experiments are given 
in Table HI. 

The accuracy with which the various fractions can 
be determined is dependent upon the complete re 
covery of sulphur from the apparatus and on the 
counting accuracy. The counting accuracy is inversely 
proportional to the square root of the total number of 
counts; for 10000 counts the accuracy is 1/4/ 10000, 
i.e. 1/100 or 1°,. By counting for a long enough period, 
even low count rates can give quite high accuracies. An 
approximation of the accuracy of the counting is given 


in Table IIT. 


DISCUSSION 

It will be noted that the chemical yield figures for 
sulphur dioxide are higher in Table II] than in 
Table I. This discrepancy is larger than would be 
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expected from differences in tube and plug, and is 
probably due to the use of a different furnace for the 
two series of experiments. The platinum-wound furn- 
ace used for the inactive experiments failed during the 
work, and was replaced by a ‘Crusilite’ furnace with a 
longer heated zone. The significance of this is discussed 
later. 

The results presented in Table [II] show that pro- 
vided the temperature is sufficiently high, less than 
1°,, of the sulphur is retained by the residue in the boat 
aad the filter plug. 1300°C appears to be near the 
lower temperature limit, as at this temperature the 
plug at 1000 ml/min retained 3-3°,, of the sulphur. 

The difference between the chemical yields of 
sulphur dioxide and the radiochemical figures for the 
iodine absorbent are presumably due to the retention 
of some sulphur trioxide. The differences at 1000 and 
2000 ml/min agree with the figures for retention of 
trioxide reported by Smith et al. 

The figures show that the major sources of loss are: 


(i) sulphur trioxide condensing or being adsorbed 
on to the walls of the apparatus 


sulphur trioxide escaping absorption by the 
dilute aqueous absorbents normally used. 

The furnace tubes were the most difficult parts of 
the apparatus to clean, and it is considered probable 
that the sulphur not accounted for was not washed 
from the tube wall. 

In order to minimize the loss of sulphur, it would be 
necessary to minimize the formation of sulphur tri- 
oxide, as it has been shown that the dioxide can be 
quantitatively absorbed at flow 3000 
ml min 

The low results obtained at 3000 ml/min are not in 
accordance with the figures of Smith et al., and this is 
probably a pressure effect according to Le Chatelier’s 
principle. Smith used an open tube, which would 
require little or no backing pressure to obtain high 
flow rates. With a sealed plug, it is necessary to use a 
pressure of up to 15 |b/in® to obtain a flow rate of 
3000 ml/min. The pressures required for flow rates of 
1000 and 2000 ml/min were 2 Ib/in® and 6 
respectively. 


rates up to 


Ib/in*® 


The recovery of sulphur dioxide is very low com- 
pared with the composition of the gases at equilibrium 
calculated from thermodynamic data (3°,SO, at 
1300 C and 2°,SO, at 1 100°C). 

Smith showed that losses of sulphur dioxide of about 
this level occurred if sulphur dioxide/oxygen mixtures 
were passed through clean tubes at 1300°C, which 
indicates that equilibrium is attained rapidly. If it is 
assumed that equilibrium is attained at the sample, 
which is in the hottest part of the tube, then the major 
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source of sulphur trioxide must be reaction of dioxide 
and oxygen in the cooler parts of the tube. At tem- 
peratures 300-400°C the reaction, even if 
catalyzed, becomes very slow, so that the reaction 
zone can be defined as that part of the tube between 
the sample and the point where the gas temperature 
has fallen to about 300°C. The increase in yield of 
sulphur dioxide with temperature can then be regard 
ed as being due partly to the steeper temperature 
gradient along this zone, so that less time is available 
for reaction, and partly to less trioxide being present 
at equilibrium; the increase in yield of dioxide with 
increased flow rates up to 2 |./min is then due to higher 
linear gas velocities through the reaction zone. again 
reducing the time available for reaction. The use of a 
furnace with a longer hot zone increased the yield of 
dioxide, which supports this theory 


below 


Smith ascribes the decrease in yield of dioxide as the 
tube ages to catalvsis of the dioxide/trioxide oxidation 
by ferric oxide dust in the cooler parts of the tube; this 
would be of less importance if the gases were in con- 
tact with this part of the tube for as short a time as 
possible, and if the temperature were raised. This 
might be achieved if the filter plug were omitted, so 
exposing the ends of the tube to direct radiation from 
the hot zone, but this would call for some method of 
suppressing the large amount of ferric oxide dust 
which is formed when cast iron samples are burnt 
Omission of the filter plug would also permit the use of 
higher flow rates without the use of high backing 
pressures, 


CONCLUSIONS 

It has been shown that the major losses of sulphur in 
the combustion method are due to condensation of 
sulphur trioxide in the apparatus, and to loss of 
sulphur trioxide which passes through the aqueous 
absorbent. Very little sulphur is retained in the 
or on the filter plug, provided that the tem- 
perature is sufficiently high 


residue, 


STAL in English 


No 4 of the 1960 series of Stal in English has been published and subsequent issues 


Radiochemical determination of S in cast iron 421 


ACKNOWLEDGMENTS 


The authors are indebted to Mrs J Boyes, who carried 
out much of the practical work, and to Mr J. V. Daw- 
son for his assistance in the preparation of the labelled 
sample, both of the BCIRA. Thanks are also expressed 
to Mr S. Greenfield of Albright and Wilson Ltd. for 
supplving some of the apparatus and for valuable dis- 
to the Wolverhampton and Staffordshire 
College of Technology who provided the facilities of 
their radiochemical and to the Director 
and Council of the British Cast Iron Research Assi 
tion for permission to publish this work. 


cussions; 


laboratories 


cla 


REFERENCES 
1. Britis 


Standards In 

London, British Standar 

W. Westwoop and A 

Cast Iron and Foundry Materials’, 22 
Allen and Unwin. 

E. C. Picort: 
Chapman and Hall 
United Steel Ltd Standard 
Analysis of Iron, and Ferro-Allo 
Sheffield, The United Steel Comy anes 

British Tron el Research Associa 
Analysis Committee: JIS/7, 1954, 177, 239-24: 
American Society for Testing Materials 
Methods for Chemical Analysis of Metals, 
Philadelphia, ASTM 

BCIRA Method f Analysis Sub-é nittes 
Methods of Analysis of Foundry Materials’, 37 
Alvechurch, BCIRA 

T. E. Rooney: Analyst 
R. Bee 
06 
r.B al: « 1954, 4, 75-82 
J. W. FULTON and R. I RYXEI {nal 
101-405 

A. I. VoGeEt: 

analvsis’. 2nd ex 


32; 1951, London, 


Ferrous Analysis’, ; 1953, London, 
Compar 


Steel 


ind Ste 


1934, 59, 278-280 


HER and R. PosTtLeTuwat 


, 1943, 68, 305 


SMITH eta 


Chem 


will appear at about three-weekly intervals. Full details of subscriptions to Stal in 


English are available from the Secretary of The Iron and Steel Institute. 


Journal of The Iron and Steel Institute August 1960 





The notch ductility and tensile properties 


of some synthetic mild steels 


A. M. Sage, Ph.D., B.Sc., F.1.M., and F. E. L. Copley, Assoc.Met., A./.M. 


SYNOPSIS 

A detailed study has been made of the effect of nitrogen on the Charpy V-notch transition 
curve, and on the tensile properties at +-20°C and —192°C of a 0-17°%C-0-8° Mn steel 
made from high-purity materials when air-cooled from 880°C. The effect of aluminium, 
silicon, zirconium, and titanium on a similar steel containing 000-7°,,N has also been 
studied. In addition, the effect of air cooling from other temperatures in the range 880- 
1200°C on the Charpy V-notch properties has been examined, 

Nitrogen up to 0-010°%, progressively broadens the temperature range over which the 
fracture of Charpy specimens transforms from fully brittle to fully tough (transition range). 
The highest temperature at which a fully crystalline fracture occurs (transition tempera- 
ture) is unaffected. 

Aluminium, zirconium, and titanium, which form nitrides, narrow the transition range 
to a few degrees. Aluminium up to 0-08°%, lowers the transition temperature, owing to 
(a) its effect on the ferrite grain size and (b) its solubility in the ferrite. A rise in transition 
temperature is produced by raising the aluminium from 0-08 to 0-1°, and is associated 
with an irregular grain size. Further additions, however, lower the transition temperature 
by increasing the aluminium in solid solution. 

Titanium refines the ferrite grain size and lowers the transition temperature. Zirconium 
has no effect on grain size and little effect on the transition temperature. Silicon has no 
significant effect on the transition range but up to 0-3°%, lowers the transition temperature. 
Further additions of silicon, up to 1-0°%, progressively raise the transition temperature. 

A correlation has been established between the transition temperature and the fracture 
stress at —192°C for most of the steels, although some anomalies have been found. Varia- 
tions in the austenitizing temperature within the range 880-1200°C have no effect on the 
transition curves for the steels containing nitrogen, and no marked effect on the grain size. 
In steels containing aluminium, raising the austenitizing temperature raises the transition 
temperature and increases the ferrite grain size. In steels containing titanium, raising the 
austenitizing temperature has no effect on the transition curve and no significant effect on 
the grain size. In steels containing zirconium the transition temperature is raised slightly 
and is accompanied by a small increase in grain size. 

Details of the preparation of the ‘synthetic steels’ from high purity materials, and the 
calculated distribution of nitrogen and aluminium are given in the appendixes. 1792 





Paper MG/K/274/59 of the Structural Engineering Steels 
Committee of the Metallurgy (General) Division of the British 
Iron and Steel Research Association, received on 27 October 
1959. The views expressed are the authors’, 


INTRODUCTION 

THE BRITTLE FRACTURE of mild steels at low tempera- 
tures was reported as early as 1879'; many instances 
have been recorded since this date and those occurring 
up to 1953 were surveyed by Shank.? 


and are not 
necessarily endorsed by the committee as a body. The paper is 
based on part of a Ph.D. thesis presented to London Uni- 


versity. 

Dr Sage is Development Manager Alloys Division with Union 
Carbide Ltd and Mr Copley is with the BISRA Sheffield 
Laboratories, 
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Since 1936 several serious catastrophic failures of 
mild steel structures including bridges, ships, and oil 
storage tanks, have stimulated considerable research 
into the causes of brittle fracture in structural steels. 
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Previous work has drawn attention to the importance 
of design and welding in determining the susceptibility 
of steels to this type of failure, and other work such as 
the examination of US ship plate steels carried out by 
Williams* has indicated that the notch ductility of 
commercial steel can vary over wide limits. Some of 
these variations can be attributed to differences in 
composition; the effects of carbon and manganese have 
been fairly well assessed and correlations have been 
established between some other elements and notch 
ductility. The results of different workers, however, are 
conflicting and little attention has been paid to the 
possible effect of interaction between some of these 
elements. 

It has also been shown that variations in rolling 
conditions, in particular the temperature of the steel 
during the last few passes, can affect the notch duc- 
tility and normalizing has been shown to improve 
many steels. Some of the observed variations in notch 
ductility between commercial steel plates of the same 
nominal composition and even between parts of the 
same plate, however, cannot be explained adequately 
on the basis of previously published work. 

A consideration of some of the differences which 
occur in steelmaking practice suggests that some of 
the variations in notch ductility of structural steels 
may be associated with the minor elements present. 
These elements can be divided into two groups (a) 
those introduced or affected by deoxidation practices, 
and (5) those arising from the raw materials used in the 
manufacture of mild steel. The work described in this 
report is confined to an investigation of the effect of 
some of the elements in the first group. In order to 
avoid complications which could arise through varia- 
tions in the amounts of elements of the second group, 
however, the research was carried out on Fe~-Mn—C 
alloy made from high-purity materials to which the 
element or elements concerned were added. The base 
‘synthetic steel’ was designed to be of a similar nomin- 
al composition (i.e. with respect to manganese and 
carbon) to a commercial steel. 

The additions made to the synthetic steels consisted 
of nitrogen alone in various amounts, and a constant 
amount of nitrogen (0-007%) together with varying 
amounts of aluminium, silicon, zirconium, or titanium. 
The oxygen content of the synthetic steels was kept to 
a constant low level of less than 0-001°%, by vacuum 
melting and hydrogen deoxidation, so that such 
effects which might result from the formation of 
oxides of the added elements would be kept to a 
minimum. 

In the steels containing nitrogen only, the amounts 
varied from 0-002°% to 0-016°% to cover the range 
found in commercial converter, OH, and electric 
steels. Aluminium or silicon, the most common deoxi- 
dants employed in steelmaking, were added with 
nitrogen to other steels. Zirconium and titanium, 
which, like aluminium are strong nitride formers, were 
added with nitrogen to a further series of steels. 

The importance of rolling conditions and the subse- 
quent thermal history of the steel has been indicated 
in previous work and the rolling schedule for the 
synthetic steels was, therefore, standardized. After 
rolling, all the steels were austenitized and air cooled 
from various temperatures within the range 880- 
1200°C before testing. 

Numerous tests have been suggested for assessing 
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the susceptibility of a steel to brittle fracture. The 
Charpy test using a specimen with a V-notch has been 
widely adopted in the UK for purposes of control and 
the Charpy V-notch values are included in some British 
Standards for structural steels. The test is simple to 
carry out, employs an easily machined test piece, and 
is economical with respect to the material. Primarily it 
measures the resistance of a steel to the initiation of a 
brittle crack and no other test suggested for this pur- 
pose is as convenient. The Charpy test was, therefore, 
adopted for assessing the resistance of the synthetic 
steels to the initiation of a brittle crack. Differing views 
are held on the relative importance of employing a 
measurement of the energy absorbed during fracture 
and of the ratio of the crystalline and fibrous areas in 
the fractured surface as criteria for measuring the 
notch ductility of a steel. Both have been adopted by 
different investigators in the past. In this investigation 
both criteria are reported so that the results can be 
compared with other work. A third criterion, which is 
considered to be less affected by the resistance of the 
steel to the propagation of the crack, was also used. 
In addition to studying the effect of the added 
elements on the notch ductility of mild steel, their 
effect on the tensile properties of the steels air cooled 
from 880°C has also been examined. Tensile tests at 
-20°C and 192°C have been carried out and 
attempts have been made to correlate the tensile and 
Charpy properties. 


PREVIOUS WORK 
Effect of steel composition on notch ductility 
Nitrogen 
Dickie® showed that the Izod energy transition for air- 
blown basic Bessemer steel occurred at a lower tem- 
perature when modifications were made to the steel- 
making process which reduced the nitrogen content. 
Enzian and Salvaggio® also showed that higher nitro- 
gen contents of a commercial semi-killed BOH steel 
gave higher Charpy V-notch transition temperatures. 
Linebolt and Harris,’ however, working with labora- 
tory alloys deoxidized with ferrosilicon and aluminium 
showed that increasing the nitrogen content up to 
0-015%, progressively lowered the Charpy keyhole 
10 ft lb transition temperature, but that further 
increases raised it. 


Aluminium 


tinebolt and Harris’ have also shown that increasing 

the soluble aluminium content of laboratory produced 
steels, from 0-001°% to 0-019°%, lowers the 15 ft Ib 
Charpy keyhole transition temperature but that fur- 
ther increases have no effect. On the other hand, 
Geil et al.* showed that increasing the aluminium con- 
tent of a 1:0%Mn-0-09%Cr-0-3%C steel in the 
quenched and tempered condition lowered the transi- 
tion temperature to a minimum, and that further 
increases raised it. 

Crafts and Ollenhauer® found that increasing the 
soluble aluminium content of a plain carbon steel (of 
unspecified carbon content) up to 0-2% lowered the 
15 ft lb Charpy keyhole transition temperature and 
that further additions up to 0-4% had no effect. 
Frazier et al.!® made a detailed study of the effect of 
aluminium additions (up to 0-08%) on the 12 ft lb 


Journal of The Iron and Steel Institute August 1960 





424 Sage and Copley The notch ductility and tensile properties of some synthetic mild steels 


TABLE | Chemical composition of ‘synthetic steels’ containing additions of aluminium and nitrogen 





Steel no. PG 


Cc, % 0-15 
Mn, % 0 
Al, 9 
Al, ‘ 
N, % ) 


Oxygen, °% 


PA PM PR PC 


PS PD PE PN 


PO 


PP PQ 








0-17 0-16 0-17 0-16 0-17 0-19 0-21 0-019 0-18 0-19 


68 0-78 “86 0-72 0-69 0-68 0-80 0-81 0-77 0-85 :78 


OOo] 0-001 001 “001 ‘001 0-001 


0014 
‘016 


0-001 0-001 


0078 


(insoluble) 0 0-001 001 
*456 


0062 


O01 


soluble 0 ‘0018 0-001 ‘001 


010 


0005 


OO15 03 0-08 0-193 995 


002 0032 0047 007 007 0-0078 0-0073 0062 


0010 001 0008 0005 0009 0006 0-008 ‘0009 00-0012 “O015 0015 


8, % 0-01 Ol ‘Ol Ol Ol 


P, % 0-001 O00] 001 001 


Si, ‘ 0-01 0-026 013 0) 0-01 


‘001 


‘Ol Ol 0-01 ‘Ol 0-01 ‘Ol ‘Ol 


-001 001 0-001 001 0-001 


0-014 


‘001 


“O14 


‘O01 


O16 ‘Ol 0-01 O16 ‘Oll 





Navy tear test transition tem- 


Charpy keyhole and 
peratures of a series of laboratory casts of a 0-2°,( 
semi-killed steel having two levels of manganese and 
three levels of silicon. They showed that the addition 
of aluminium lowered the transition temperatures but 
the effect was less in the steels containing 0-5°,Mn 
than in those containing 0-8°%,. They also showed that 
the effect was less in steels having the higher levels of 
silicon. 


Silicon 
The results given in published work on the effect of 
this element appear to be in fairly good agreement. 
Rinebolt and Harris? showed that up to 0-3°, silicon 
lowered the 15 ft Ib Charpy keyhole transition tem- 
perature of a 0-3°,C aluminium-killed steel but that 
further additions raised it. Frazier et al.!° obtained 
similar results from laboratory containing 
various levels of manganese and aluminium, but also 
found that the silicon addition corresponding to the 
minimum in the transition temperature varied with 
the manganese content. They attributed this minimum 
to deoxidation of the steel by the silicon. 
Some of the discrepancies between the 
obtained by different workers described above could 
be due to interaction between the elements in the steel 
or the fact that the steels have been examined in 
different heat-treatment conditions. Full details of 
composition and heat-treatment have, however, not 
always been given. 


steels 


results 


Effect of microstructure and rolling conditions on 

notch ductility 

The effects of composition on the notch ductility of 
mild steel cannot be considered in isolation from the 
effects of microstructure. It has been shown that the 
notch ductility of steels can be influenced by varia- 
tions in the conditions under which a steel is rolled and 
by heat-treatment. Hence variations in composition 
may affect the notch ductility of steels indirectly by 
changing the response of a steel to rolling conditions 
and heat-treatment. Miller!! showed that, while steels 
deoxidized with silicon showed a progressive increase 
in austenitic grain size with increasing austenitizing 
temperature, steels deoxidized with aluminium showed 
no grain growth up to a certain temperature, but 
above this temperature rapid grain growth occurred. 
Other investigators!*» 1° have shown that this tem- 
perature increases with (acid-soluble) aluminium to a 
maximum at about 0-04-0-08°, Al. The grain refine- 
ment produced by small amounts of aluminium has 
been attributed to aluminium nitride acting as nuclei 
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or as a barrier to grain growth, but the maximum in 
the grain coarsening temperature/aluminium relation- 
ship has not been fully explained. The importance of 
grain size on notch ductility has been observed by 
many workers. Vanderbeck!* for example, showed 
that there was a linear relationship between the 
ASTM grain size (obtained by heat-treating a mild steel 
at various temperatures) and the Charpy transition 
temperature. Mackenzie? has shown a correlation 
between finishing rolling temperature and ferrite grain 
size which corresponds with variations in Charpy V- 
notch transition temperature and Van der Veen?® has 
stated that commercial steels of improved notch 
ductility are obtained by rolling at low temperatures. 
Mackenzie considers that the fine ferrite grain size is 
produced by a fine austenite grain size, which is con- 
trolled by the rate of grain growth at the rolling 
temperature. He also observed that increases in finish- 
ing rolling temperatures above 1100°C have little 
effect on notch ductility. 

Frazier et al.'® rolled a series of commercial plates 
under laboratory conditions and found that increasing 
the finishing rolling temperature increased the ferrite 
grain size and raised the transition temperature 
irrespective of the aluminium content; they reported 
more rapid grain growth in some steels than in others. 
Their cannot, explained ade- 
quately as they did not record the nitrogen and oxygen 
contents of the steels. 

Burns and Judge!’ who studied the effect of subse- 
quent heat-treatment on the structure and Charpy 
V-notch transition temperature of a commercial steel, 
concluded that while the transition temperature was 
partly related to ferrite grain size, it was also a fune- 
tion of the austenite grain size. They considered that 
pearlite in the structure had a secondary influence, 
slow cooling rates through the transformation range 
causing coarse pearlite structures and a higher transi- 
tion temperature. 


results however, be 


EXPERIMENTAL 

Preparation of ‘synthetic steels’ 

The ‘synthetic steels’ were made from a special quality 
Swedish iron, electrolytic manganese and spectro- 
graphic electrode carbon, by a procedure similar to 
that adopted by Hopkins et al.!* for the manufacture 
of iron of high purity. The oxidation treatment given 
to the Swedish iron by Hopkins et al. was, however, 
omitted as removal of carbon and manganese from the 
iron was not necessary. To avoid possible contamina- 
tion of the steels by aluminium a rammed magnesia 
crucible was substituted for the alumina crucible. 
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1 Charpy V-notch 


nitrogen, air cooled from 880°C 


transition curves for steels containing 


The iron was deoxidized with hydrogen and the 
nitrogen was introduced by holding the iron at con- 
stant temperature in contact with a nitrogen atmos- 
phere at a controlled pressure. The added elements 
including carbon were introduced just before the steel 
was cast into 50-lb 4-in. square ingots in an argon 
atmosphere. The ingots were forged to 2-in. square 
and thereafter rolled to 8-in. dia., under carefully con- 
trolled conditions. 

The compositions of the steels are given in Tables 
I-III and full details of their preparation are given in 


Appendix I. 


Heat-treatment 
All the steels were tested after air cooling from 880°C 
and most steels were tested in at least three other con- 


ditions involving air cooling from temperatures in the 
range S80-1200°C, In all cases 8-in. dia. bars of the 
steels were soaked at the austenitizing temperature for 
} h. About 8 weeks elapsed between the heat-treat- 


TABLE I! Chemical composition of ‘synthetic steels’ con- 


taining additions of silicon and nitrogen 





Steel no. PF PK PU 


co 
, 


Mn, ° 
Si, 9 


0-17 0-17 0-17 
O-sY 
0-03 


0-008 


0-82 0-180 
0-30 0-45 
0-008 
0-0011 
00-0015 


N, % 
Oxygen, % 
Al, % (soluble) 


00-0085 0-007 


00-0007 00-0012 0-0014 


0-005 


(fa) 20°C (b) 


2 Effect « 


cooled from 880°C 


f nitr gen on the transition te m pe ratures of steela air 


ment and the testing of the steels except in the experi- 
ments on the effect of quench ageing described below. 

The possible influence of quench ageing on the 
notch ductility of steels in the form of §-in. dia. bars 
was examined for two of the steels. For this purpose, 
some of the bars were air cooled from 880°C and tested 
within 24 h and others were water quenched from 
700°C and tested within 24 h. 


Charpy tests 

The notch ductility of the steels was assessed from the 
transition curves plotted from the results of Charpy 
V-notch tests carried out at various temperatures. 
The specimens were 55 mm Jong*10 mm square 
having a V-notch, 2 mm deep, an angle of 45° between 
the sides, and a radius at the root of 0-25 mm. Each 
notch was machined in one cut without lubrication 
with a specially radiused milling cutter. All the tests 
were carried out on a 30 kg 
testing machine. 


Losenhausen impact 

Specimens tested at temperatures between O°C and 
room temperature were cooled in an ice—water mixture 
and those tested at lower temperatures were cooled in 
a mixture of dioxide 
alk ohol. The spec imens were placed In the coolant for 
a minimum of 15 min, transferred to the testing 
machine with cooled tongs and broken within 7 s after 
removal from the cooling mixture. Specimens treated 


solid carbon and acetone or 


TABLE lil Chemical composition of ‘synthetic steels’ con- 


taining additions of titanium and zirconium 





PW PX PY 


0-17 0-17 


0-76 0-75 
0-016 048 057 
0-0078 OOR 
0014 


0-010 008 016 


OO7R8 0-008 
00-0017 0008 00-0009 


0-025 
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3 Effect of nitrogen on tensile properties of steels air cooled from 880°C 


above room temperature were heated in water or in an 
oil bath stabilized at the testing temperature. To mini- 
mize any possible ageing the specimens were kept in 
the oil or water for 10 min only. 

In most cases eight specimens were used for the 
determination of a transition curve. Three curves, 
based on the following criteria, were drawn for each 
steel in each heat-treatment condition: 

Energy The first curve was based on the energy 
absorbed during the fracture of the Charpy specimen. 
Fibrous fracture The second curve was based on the 














4 Charpy V-notch transition 


0-0047%N 


curves for steel 
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percentage of fibrous fracture in the fractured surface 
of the specimen. This was expressed as a percentage of 
the cross-sectional area of the specimen after fracture. 
Photographs of the fractured surfaces showing a mix- 
ture of fibrous and crystalline surfaces were obtained 
at a magnification of « 10 and the percentage fibrous 
fracture determined from planimeter measurements of 
the total area and the area of crystalline fracture. 
Initial fibrous crack The energy and percent fibrous 
fracture (or percent cleavage fracture) criteria have 
been employed by previous workers but these values 
are influenced by the resistance of the steel to the 
propagation of the fracture as well as its resistance to 
the initiation of a crack. On the assumption that the 
fibrous crack progresses from the base of the notch 
across the specimen and the length of this crack is un- 
affected by the resistance of the steel to the propaga- 
tion of a brittle crack, the length of the initial fibrous 
crack was adopted as a third criterion. This was 
measured from the photographs of the fractured 
surfaces and expressed as a percentage of the original 
depth of the specimen below the notch (8 mm). 

In the discussion of the results in the following 
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containing § Effect of austenitizing temperature on the 40 ft lb transition 
temperature for steels containing nitrogen 
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TABLE IV Austenitic grain sizes of synthetic steels, grains/ 
in? « 100 





Normalizing temperature, °C 
Steel 880 950 1050 1100 





0:002%N 29 1000 
9 
0-0032%N 36 14 
0:0047°,N 18 10-5 
0-007°N 10 
0-010°,N 1000 
6 

0-016%N 9-! 
0-03%Al 14°: 

-08°,Al 

-1%Al 

-2%Al 

5% Al 

-0°% Al 

“03°,581 

*3%Si 

-5%Si 

‘0% Si 195 

016°. Zr I8M 
0-048% Zr 64 

057°, Zr 61 

02°%,Ti 144 





M = mixed grain size 


section a distinction is drawn between the effect of com 
position and heat-treatment on (a) the temperature 
range over which the transition from brittle to tough 
fracture takes place, and (b) the location of the transi- 
tion curve with respect to the temperature axis. The 
former is called the ‘transition range’ and the latter 
the ‘transition temperature’. The transition tempera- 


ture is, strictly speaking, the highest temperature at 
which a 100°, cleavage fracture is observed. However, 
for practical purposes it is customary to refer to 
certain nominal transition temperatures and four such 
criteria have been used. The 40 ft Ib, 20 ft Ib, and 25° 


oO 
fibrous fracture have commonly been adopted in 
published work on the properties of commercial steels 
and the 40°, initial fibrous crack is an arbitrary value 
from the initial fibrous crack transition curve selected 
to take account of the transition range and the transi- 
tion temperature. 


Tensile tests 

Tensile tests at -- 18° and —192°C were carried out on 
specimens machined from all the steels in the normal- 
ized 880°C condition. All the tests were performed on a 
35-ton Amsler hydraulic testing machine. An Amsler 
cold test chamber was attached to the machine for the 
tests at —192°C. 

Specimens 0-357 in. dia. were used for the room 
temperature tests but to ensure that fracture occurred 
within the gauge length specimens of slightly smaller 
diameter (0-275 in.) were used for the tests at — 192°C. 


Microstructure 

The microstructure of all steels in each heat-treatment 
condition has been examined in polished transverse 
sections of the rolled bars. When air-cooled from 
880°C many of the steels exhibited a typical ferrite- 
pearlite structure for a 0-17°,C steel but in most steels 
the ferrite tended to be acicular; after cooling from 
higher austenitizing temperatures the acicularity was 














V-notch transition steel 


6 Charpy 
0 016°N 


curves for containing 


more severe and thus prevented accurate ferrite grain 
size determination. 

The austenitic grain sizes of all the steels after 
austenitizing at each temperature used were deter- 
mined by the method developed by Kohn!® and are 
given in Table IV. 


DISCUSSION OF RESULTS 


In this discussion the effects of individual elements will 
be considered separately. In the first place the effect of 
a particular element on the Charpy impact and tensile 
properties of steels air cooled from 880°C will be dis- 
cussed; the effect of higher austenitizing temperatures 
on the Charpy properties will then be considered 


Effect of nitrogen 

It will be observed from the six transition curves in 
Fig.l that additions of nitrogen from 0-002°% to 
0-010°, progressively broaden the transition range of 
steels air cooled from 880°C. The broadening of this 
range is presumably due to the nitrogen in solid solu- 
tion or precipitated as iron nitride. Increasing the 
nitrogen content from 0-01% to 0-016°%, appears to 
have little further effect on the transition range which 
remains at about 100°C. While increasing the nitrogen 
content broadens the transition range the highest 
temperature at which a fully crystalline fracture is 
observed is not affected significantly by the nitrogen 
additions. This means that if the steels are compared 
on the basis of a transition temperature corresponding 
to the lower temperature end of the transition curve, 
such as 20 ft lb or 25°, fibrous fracture, increasing the 
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3 Effect of nitrogen on tensile properties of steels air cooled from 880°C 


above room temperature were heated in water or in an 
oil bath stabilized at the testing temperature. To mini- 
mize any possible ageing the specimens were kept in 
the oil or water for 10 min only. 

In most cases eight specimens were used for the 
determination of a transition curve. Three curves, 
based on the following criteria, were drawn for each 
steel in each heat-treatment condition: 

Energy The first curve was based on the energy 


absorbed during the fracture of the Charpy specimen. 
Fibrous fracture 


The second curve was based on the 














4 Charpy V-notch transition steel 


0:0047%N 


curves for containing 
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percentage of fibrous fracture in the fractured surface 
of the specimen. This was expressed as a percentage of 
the cross-sectional area of the specimen after fracture. 
Photographs of the fractured surfaces showing a mix- 
ture of fibrous and crystalline surfaces were obtained 
at a magnification of « 10 and the percentage fibrous 
fracture determined from planimeter measurements of 
the total area and the area of crystalline fracture. 
Initial fibrous crack The energy and percent fibrous 
fracture (or percent cleavage fracture) criteria have 
been employed by previous workers but these values 
are influenced by the resistance of the steel to the 
propagation of the fracture as well as its resistance to 
the initiation of a crack. On the assumption that the 
fibrous crack progresses from the base of the notch 
across the specimen and the length of this crack is un- 
affected by the resistance of the steel to the propaga- 
tion of a brittle crack, the length of the initial fibrous 
crack was adopted as a third criterion. This was 
measured from the photographs of the fractured 
surfaces and expressed as a percentage of the original 
depth of the specimen below the notch (8 mm). 

In the discussion of the results in the following 
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5 Effect of austenitizing temperature on the 40 ft lb transition 
temperature for steels containing nitrogen 
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TABLE IV Austenitic grain sizes of synthetic steels, grains/ 
in? x 100 





Normalizing temperature, °C 
Steel 880 950 1050 1100 





0-002%N 29 1000 
9 
0-:0032%N 36 14 
0-:0047°N 18 10°: 
0-:007%N 14 10 
0-010%N 17 1000 
6 
0-016%N 20M Q:! 
0-03%Al 80 14: 
0-08°%Al 64 
0-1%Al 70 
0-2%Al 46 
0-5% Al 141 
1-0%Al 28 
“03°81 40 
*3%8i 68 


‘O%S8i 195 
0-016° Zr 18M 
048° Zr 64 
057°. Zr 61 
02% Ti 144 





M = mixed grain size. 


section a distinction is drawn between the effect of com- 
position and heat-treatment on (a) the temperature 
range over which the transition from brittle to tough 
fracture takes place, and (6) the location of the transi- 
tion curve with respect to the temperature axis. The 
former is called the ‘transition range’ and the latter 
the ‘transition temperature’. The transition tempera- 
ture is, strictly speaking, the highest temperature at 
which a 100°, cleavage fracture is observed. However, 
for practical purposes it is customary to refer to 
certain nominal transition temperatures and four such 
criteria have been used. The 40 ft Ib, 20 ft Ib, and 25°, 
fibrous fracture have commonly been adopted in 
published work on the properties of commercial steels 
and the 40°, initial fibrous crack is an arbitrary value 
from the initial fibrous crack transition curve selected 
to take account of the transition range and the transi- 
tion temperature. 


Tensile tests 

Tensile tests at + 18° and — 192°C were carried out on 
specimens machined from all the steels in the normal- 
ized 880 C condition. All the tests were performed on a 
35-ton Amsler hydraulic testing machine. An Amsler 
cold test chamber was attached to the machine for the 
tests at —192°C. 

Specimens 0-357 in. dia. were used for the room 
temperature tests but to ensure that fracture occurred 
within the gauge length specimens of slightly smaller 
diameter (0-275 in.) were used for the tests at — 192°C. 


Microstructure 

The microstructure of all steels in each heat-treatment 
condition has been examined in polished transverse 
sections of the rolled bars. When air-cooled from 
880°C many of the steels exhibited a typical ferrite- 
pearlite structure for a 0-17°,C steel but in most steels 
the ferrite tended to be acicular; after cooling from 
higher austenitizing temperatures the acicularity was 
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6 Charpy V-notch transition curves for steel containing 
0-016°%N 


more severe and thus prevented accurate ferrite grain 
size determination. 

The austenitic grain sizes of all the steels after 
austenitizing at each temperature used were deter- 
mined by the method developed by Kohn!'® and are 
given in Table IV. 


DISCUSSION OF RESULTS 

In this discussion the effects of individual elements will 
be considered separately. In the first place the effect of 
a particular element on the Charpy impact and tensile 
properties of steels air cooled from 880°C will be dis- 
cussed; the effect of higher austenitizing temperatures 
on the Charpy properties will then be considered 


Effect of nitrogen 

It will be observed from the six transition curves in 
Fig.l that additions of nitrogen from 0-002° to 
0-010°, progressively broaden the transition range of 
steels air cooled from 880°C. The broadening of this 
range is presumably due to the nitrogen in solid solu- 
tion or precipitated as iron nitride. Increasing the 
nitrogen content from 0-01% to 0-016°% appears to 
have little further effect on the transition range which 
remains at about 100°C. While increasing the nitrogen 
content broadens the transition range the highest 
temperature at which a fully crystalline fracture is 
observed is not affected significantly by the nitrogen 
additions. This means that if the steels are compared 
on the basis of a transition temperature corresponding 
to the lower temperature end of the transition curve, 
such as 20 ft lb or 25% fibrous fracture, increasing the 
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nitrogen content will appear to have little effect on the 
transition temperature. If, however, the steels are 
compared on the basis of a transition temperature 
such as 80 ft lb energy, 40°, fibrous fracture or 40°% 
initial fibrous fracture which represent the centre por- 
tions of the transition curves, a significant difference in 


transition temperature will be recorded. The effect of 


nitrogen content on the transition temperature as 
determined by these criteria is shown in Fig.2. 

Additions of nitrogen up to 0-007°%, have no signifi- 
cant effect on the tensile properties at + 20°C as shown 
in Fig.3a although increasing the nitrogen to 0-016%, 
tends to raise the upper yield and tensile stresses and 
reduces the elongation. At 192°C (see Fig.36) addi- 
tions of nitrogen up to 0-O010°, have no effect on the 
tensile properties. At all the nitrogen levels the fracture 
of the tensile specimens was predominantly by cleav- 
age; no definite yield point was detected and fracture 
took place without any significant prior deformation 
of the metal. 

Raising the austenitizing temperature from 880° to 
1200°C has no significant effect on the Charpy V-notch 
brittle-tough transition curve for steels containing up 
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to 0-01°%N as shown in the typical group of transition 
curves for the steel containing 0-005°, nitrogen in 
Fig.4. The relationship between austenitizing temp- 
erature and transition temperature is shown more 
clearly in Fig.5, where the 40 ft lb transition tempera- 
tures are plotted against austenitizing temperatures 
for each of the nitrogen bearing steels. There was a 
tendency for the transition temperature of the steel 
containing 0-016°,, nitrogen to rise as the austenitizing 
temperature was raised from 880° to 1200°C as shown 
by the transition curves in Fig.6. 

The microstructure of all the steels air cooled from 
880°C were of the ferrite-pearlite type in which the 
ferrite had a slightly acicular form, due to the fairly 
rapid cooling rate. Raising the austenitizing tempera- 
ture from 880° to 1200°C progressively increased the 
acicularity but had little effect on the actual ferrite 
grain as shown in Fig.7. Some slight coarsening in the 
austenitic grain size was observed in all these steels as 
the austenitizing temperature was raised from 880° to 
950 C but raising the austenitizing temperature further 
to 1200 C caused a relatively small increase in grain 
sIze. 
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Effect of aluminium 

In all steels containing aluminium the transition range 
is of the order of 20°C, The effect of aluminium on the 
transition temperature is interesting in that as the 
aluminium is increased to 0-08°,, the transition tem- 
perature is progressively lowered as shown in Fig.8. 
The steel containing 0-1°, aluminium, however, has a 
higher transition temperature, and as the aluminium 
content is increased from 0-1 to 0-5°,, the transition 
temperature is again lowered. The narrowing of the 
transition range is considered to be due to formation of 
aluminium nitride at the expense of the nitrogen in 
solid solution and in iron nitride. Attempts were made 
to determine the amounts of aluminium nitride pres- 
ent, but as it is not considered that the methods at 
present available for this determination are sufficiently 
reliable, the results have not, therefore, been given in 
this paper. The amounts of nitrogen present as alu- 
minium nitride and as ‘free nitrogen’ have been calecu- 
lated and are given in Appendix II. The term ‘free 
nitrogen’ refers to nitrogen present in solid solution 
or as an iron nitride. The lowering of the transition 
temperature, however, is considered to be due to the 
combined effect of aluminium on the ferrite grain size 
and the aluminium in solid solution. The effect of alu 
minium additions on the transition temperature is 
shown in Fig.9. Additions of aluminium up to 0-08°, 
progressively lower the transition temperature and 
produce a fine and uniform grain size, but at 0-1° a 
less regular grain size is produced, as shown in Fig.10, 
The increase in grain size with additions of more than 
0-08°,, aluminium is in agreement with the observa- 














TEMPERAT 


transition 


Charpy V-notch curves for steel 
0-007%N and aluminium, air cooled from 880°C 


containing 


tions of Halley,'* Miller,!! and Chatterjea and 
Nijhawan.'* Further increases in the aluminium con 
tent up to at least 0-5°, have little effect on grain size 
and the lowering of the transition temperature is prob 
ably due to the aluminium in solid solution. The transi 
tion temperature for the steel containing 1-0°, Al is 
about the same as that for the steel containing 0-5°,,Al 
It is noted, however, that the transition curve for this 
steel exhibits an inflection or double transition possi- 
bly associated with some intergranular fracture 

The addition 10% has no 
significant effect on the tensile properties at 20 { 
although as shown in Fig.lla some scatter in the 
reduction of area and fracture values can be 
observed around the 0-1°%, aluminium level. At 

192°C (Fig.115) the addition of up to 0-08°, Al pro 
gressively raises the fracture stress from 54 tons/in* to 
SS tons/in* and raises the reduction of area from 1-3‘ 


of aluminium up to 


stress 


to 46°,.. Increasing the aluminium to 0-1°% lowers the 
fracture stress to 76 tons/in? and the reduction of area 
to 26°. With further increases in aluminium up to 
0-5°% again to 89-6 tons/in* 
and the reduction of area to 57°%,. The lowering of the 
fracture stress and reduction of area at 0-1°%, Al corres- 
ponds with the rise in Charpy V-notch transition 
temperature at this aluminium level. 

Raising the austenitizing temperature from 880° to 
1050°C moved the Charpy V-notch transition curves 
to higher temperatures but did not significantly alter 
the transition range for the fine grained steel contain- 
ing 0-03°%, as shown in Fig.12. A similar effect was 
observed for steel containing 0-O8°,Al. These steels 


the fracture stress rises 


exhibited larger grain sizes after air cooling from the 
higher austenitizing temperatures. When the steels 


were austenitized at 1100°C or above, however, the 
transition temperature range was broadened from 
20° to 100°C. It is possible that the cooling rate in 
these experiments was too rapid for all the aluminium 
and nitrogen in solution at these temperatures to 














9 Effect of aluminium on the transition temperatures of steels, 
air cooled from 880°C 
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(a) 20°C (6b) —192°C 
Effect of aluminium 


on tensile properties 








of steels air cooled 
from 880°C 


recombine to form aluminium nitride; some of the nitro- 
gen is, therefore, probably retained in solid solution 
and a transition range similar to that obtained in a 
steel containing nitrogen only is obtained. 

The steels containing 0-1°%, 0-2°%, and 0-5°, Al also 
showed a rise in transition temperature as the austen- 
itizing temperature was raised but the rise was less 
than with the 0-03° and 0-08°% Al steels. This is prob- 
ably due to the smaller change in grain size produced 
in these steels by the higher austenitizing tempera- 
tures. 

The transition temperatures for the steels air cooled 
from 950°C, 1100°, and 1200°C have been plotted 
against aluminium content in Figs.13a—c. The transi- 


tion temperatures are lowered by aluminium additions 
up to 0-5% and the discontinuity at 0-1°% Al occurs for 


all conditions of heat-treatment. The differences in 
transition temperature between the 0-08°% and 
0-1°% Al steels, however, decrease as the austenitizing 
temperature is raised. Whereas the 0-5°% and 1-0°%Al 
steels, air cooled from 880°C, exhibited a more uni- 
form and slightly finer grain size than the 0-1°% and 
0-2°, Al steels, there is little difference between the 
structures of the steels when air cooled from higher 
temperatures. It appears, therefore, that while the 
finer grain sizes in the 0-5% and 1-0%Al steels air 
cooled from 880°C may have contributed to the lower 
transition temperatures, the aluminium in solid solu- 
tion was of equal or greater importance. 


Effect of ageing on the transition characteristics of steels 
containing nitrogen and aluminium 
The tests described above were carried out about 
eight weeks after heat-treatment and it was considered 
that some ageing might have occurred in air cooled 
specimens during this interval. Charpy V-notch curves 
obtained within 24 h of heat-treatment for the steels 
containing 0-007°,N and 0-:0079%N with 0-03°%Al 
were compared with those obtained from the same 
steels after about eight weeks. The transition curve for 
the two contents are shown in Figs.14 and 15 respec- 
tively. Transition curves for the steels austenitized at 
880°C, cooled to 700°C and water quenched are also 
included in these figures. 

In the case of the steel containing 0-007 °,N, testing 
within 24 h of austenitizing at 880°C and water 


quenching from 700°C reduced the transition tempera- 
ture range from about 100° to about 40°C indicating 
that the broad transition range of the air cooled steels 
may be partly due to the precipitation of iron-nitride 
after heat-treatment. The transition range of steels 
containing 0-03°%Al and 0-007%N is not affected by 
testing within 24 h of heat-treatment or by quenching 
from 700°C, 


Effect of silicon 


Charpy V-notch transition curves for steels containing 
0:007°,N and between 0 and 1-0%Si air cooled from 
880°C are given in Fig.16. 
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12 Charpy V-notch transition curves for steel containing 
0-007%N and 0-03%Al 
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The addition of up to 0-3% slightly narrows the 
transition temperature range and moves the whole 
curve to lower temperatures. Further additions of 
silicon up to 1-:0% moved the transition curves to 
higher temperatures but the transition-temperature 
range was not altered significantly. The fibrous 
fracture and initial fibrous crack transition curve for 
the 0-3%8i steel exhibited an inflection which was 








Fibrous fracture 
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(a) aged 8 weeks (c) water quenched from 700°C 


Charpy V-notch transition curves for steels 
0:007%N, air cooled from 880°C 


containing 
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Air cooled from (a) 950°C (b) 1100°C (c) 1200°C 


13 Effect of aluminium on transition temperatures of steels 


not shown in the energy curve. Some intergranular 
fracture was observed in secondary cracks close to 
the main fractures and it is possible that the shape of 
the curve may be explained by these cracks. The 
nominal transition temperatures are plotted against 
silicon content in Fig.17 and show a minimum at 
0-3°%Si which is in agreement with previously pub- 
lished work. 
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(a) aged 8 weeks (c) water quenched from 700°C 
15 Charpy V-notch transition 
0:007%N and 0-03%Al 


curves for steel containing 
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16 Charpy V-notch transition curves for steels containing sili- 


con, air cooled from 880°C 


An addition of 0-03°,Si raises the yield points, 
ultimate tensile strength, and fracture stress and low- 
ers the reduction of area. Further additions up to 
1-0°, have relatively little effect as shown in Fig.18a. 
At —192°C (Fig.18b), all the steels broke with a 
brittle fracture giving low values for elongation and 
reduction of area, with the exception of the steel con- 
taining 0-03°,Si which had a reduction of area of 56° 


O° 




















17 u jj e t of silicon on the insition temperatures ¢ 


The steels exhibited well defined yield points the values 
of which were not significantly affected by the silicon 
content. With the exception of the 0-03 the 
fracture about 


“Si steel is 


Si steel 
stress remained fairly constant at 
The higher value for the 0-03 
probably accounted for by the plastic deformation 
indicated by the high value for reduction of area. No 
maximum occurs in the fracture stress at 0-03°,Si 
corresponding to a minimum in the transition tem- 
perature. 

It will be seen from the transition curves for the 
0-3°,Si steel in Fig.19, that raising the austenitizing 
temperature from 880° to 1150°C has little or no 
effect on the overall transition range, and the inflection 
in the transition curve continued in the curves for the 
steel austenitized at temperatures up to 1150°C. 

Raising the austenitizing temperature for the steels 
containing 0-5°%, and 1-:0°%Si had no effect on the 


63 tons /in*. 
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18 Effect of silicon on tensile properties of steels, air cooled from 880°C 
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19 Charpy V-notch transition 
0-007%N and 0-3%Si 


curves for steel containing 


transition range but raised the nominal transition 
temperature; this appears to be due to a small increase 
in grain size. 

The minimum in the transition temperature at the 
0-:3°%Si level continued when the steels were austenit- 
ized at 950°C (Fig.20a) and when air cooled from 
1050° or 1150°C the steel had a lower transition tem- 
perature than steels of higher silicon content (see 
Figs.20b and c). (No values for steels having silicon 
contents less than 0-3°, however, were obtained.) 


Air cooled from (a) 950°C (b) 1050°C (c) 1150°C 


20 Effect of silicon on transition temperatures of steels 
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The minimum in the transition temperature pro- 
duced by the addition of about 0-3°%Si confirms the 
work of Rinebolt and Harris’ and of Frazier et al.}° 
Frazier et al. attributed the lowering of the transition 
temperature to deoxidation but in view of the fact 
that the steels in this investigation contained less than 
0-001 °% oxygen, this appears to be unlikely. The effect 
of silicon could be accounted for if silicon formed a 
carbide at the expense of manganese thus raising the 
manganese content of the ferrite. Such a substitution 
would be limited to a small amount of silicon and 
additions in excess of this limit would enter into solid 
solution in the ferrite and raise the transition tempera- 
ture. Attempts to detect silicon in the carbide phase by 
analysis of carbide residues after electrolytic separa- 
tion, and to find an increase in the lattice parameter of 
the ferrite due to manganese have, however, so far 
been unsuccessful. 


Effects of zirconium and titanium 


A study of the effect of zirconium and titanium was 
included in this research in an attempt to assist the 
explanation of the effects of aluminium. Both zir- 
conium and titanium, like aluminium, are strong 
nitride formers and would be expected to combine 
with the nitrogen and narrow the transition tempera- 
ture range. On the other hand, while titanium is a 
strong. grain refiner, zirconium does not affect the 
ferrite grain size. 

The effects of zirconium and titanium additions on 
the Charpy V transition curves for steels air cooled 
from 880°C are shown in Fig.21. Both zirconium and 
titanium greatly narrowed the transition range and 
confirm the view that the width of this range is a func- 
tion of the nitrogen present in solid solution or as iron 
nitride and that the addition of elements having a 
strong affinity for nitrogen narrow the range. 

The addition of titanium moves the transition curve 
to lower temperatures. This steel also had a very fine 
grain size as shown in Fig.22 and it appears that the 
shifting of the transition curve is due to the refinement 
of the ferrite grain size. 

It is observed that although the grain size of this 
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Charpy V-notch curves for steel 
0-0079,N and zirconium and titanium, air cooled from 


880°C 


transition containing 


steel is much finer than that of the steels containing 
0-2°%, and 0-5°%Al, the aluminium steels have lower 
transition temperatures. This suggests that aluminium 
in solid solution has a greater effect than grain refine- 
ment in lowering the transition temperature. 

At +20°C the addition of up to 0-06°,Zr has no 


a d DARN Se : od bt S 


Air cooled from (a) 880°C (b) 1200°C 


22 Microstructures of steel containing 0-02% Ti 
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effect on the tensile properties but at —192°C (Fig.236) 
the fracture stress and elongation appear to exhibit a 
maximum at 0-047°%. This is reflected in the transi- 
tion temperatures of steels air cooled from 1100° and 
1200°C as shown in Figs.24a and b. It is, however, not 
shown in the transition temperatures for steels air 
cooled from 880° and 950°C (Figs.24c¢ and d). 

Raising the austenitizing temperature of the zir- 
conium steels from 880° to 1200°C has raised the tran- 
sition temperature by about 20°C although the effect 
is less pronounced for the 0-016°,Zr steel. This rise in 
transition temperature corresponds with a_ small 
increase in grain size. 

Raising the austenitizing temperature of the titan- 
ium steels had no significant effect on the transition 
curves and even at 1200°C although the grain size was 
slightly coarser than at the austenitizing 
temperatures it was still very fine as shown in Fig.22. 


lower 


SUMMARY AND CONCLUSIONS 


The results obtained from the experimental work 
described above on the effect of certain elements on the 
properties of a mild steel containing 0-17°% C and 
0-8°,Mn made from high-purity materials may be 
summarized as follows: 


Effect of nitrogen 

1. Raising the nitrogen content from 0-002°%, to 
0-010°, progressively broadens the Charpy V-notch 
transition temperature range from a few degrees to 
100°C for a steel air cooled from 880°C. Increases 
above 0-010°% appear to have no further effect on the 
transition range. 

2. Raising the nitrogen content from 0-002°% to 
0-016°,, has no significant effect on the transition tem- 
perature (defined as the highest temperature at which 
a 100°, cleavage fracture is observed) in steels air 
cooled from 880°C. Consequently nitrogen in these 
amounts has little effect on the 20 ft Ib Charpy V-notch 
transition temperature. Owing to the effect of nitrogen 
on the transition range many nominal transition 
temperatures representing the middle positions of the 
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from 
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earconium on tensile prope rties of steels air cooled 


transition curve show a rise as the nitrogen content is 
raised, 

3. Variations in the austenitizing temperature with- 
in the range 880°C to 1200°C have no significant effect 
on the Charpy V-notch transition curve for steels con- 
taining up to 0-016°,N. 

4. Raising the nitrogen content from 
0-016°, has no significant effect on the tensile 
ties at 20°C or 192°C for 
RSOOC. 


0:002°, to 


proper- 
steels air cooled from 


EM ct of aluminium 

The addition of aluminium in amounts between 
0-03°/ and 0-5°, narrows the transition range of a 
steel containing 0-007°.N air cooled from 880°C, from 
100°C to 20°C. 

The addition of between 0-03°% and 0-5°,Al pro- 
gressively lowers the transition temperature of a steel 
containing 0:007°,,N air cooled from 880°C, A discon- 
tinuity in this relationship occurs at about 0-1°,Al. 
Steels containing less than this amount of aluminium 
exhibit a fine and uniform grain size. Steels containing 
0-10°, or more of aluminium exhibit a generally fine 
but rather irregular grain size and the discontinuity in 
the relationship between aluminium content and tran- 
sition temperature is considered to be due to the 
irregular grain size of steels containing more than 
0-08°,Al. The lowering of the transition temperature 
as the aluminium content is raised above 0-1 % is 
considered to be due to aluminium in solid solution. 


The relationship between aluminium content and 
transition temperature persists with steels austenitized 
within the temperature range 880°C to 1200°C al- 
though the rise in transition temperature at 0-1°,Al 
decreases as the austenitizing temperature rises. 

8. Steels containing aluminium when air cooled 
from 1100°C or above exhibit a wide transition tem- 
perature range of the order of that produced by 
steels containing no aluminium. It is considered that 
the steels cooled at such a rate that the aluminium 
nitride which dissociated at the austenitizing tempera- 
ture did not re-combine. 


Effe ct of ageing on stee ls containing nitrogen and 

aluminium 
9. Steels containing 0-007°,N exhibit a small 

increase in the transition temperature range when 

aged for eight weeks which is not observed when alu- 

minium is present. 

Effect of silicon 

10. The addition of silicon up to 0-3°,, progressively 
lowers the transition temperature of a steel containing 
0-007°,.N air cooled from 880 C but further increases 
raise the transition temperature. 

ll. Raising the austenitizing temperature from 
SSO 1150°C raises the transition temperatures of 
steels containing silicon. The silicon content to produce 
the minimum transition temperature is not affected by 
variations in the austenitizing temperature within this 
range. 

12. Steels containing additions of silicon tend to 
show an inflection in the transition curve which may 
be associated with intergranular fracture. 

E ent of zirconium 

The addition of up to 0-06°,Zr to a steel con- 
wae 0-007°,,N narrows the transition temperature 
range when air cooled from 880°C to less than 20°C, 
but has little effect on the transition temperature. 

14. The transition temperature of steels containing 
zirconium is raised by up to 30°C as the austenitizing 
temperature is raised from 880° to 1200C° and is ac- 
companied by a small increase in grain size. 

— of titanium 

5. The addition of 0-02°% Ti narrows the transition 
te aa rature range of a steel containing 0:-007°,N 
from 100°C to a few degrees. 

16. Titanium also lowers the transition temperature 
and refines the grain size. 
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Air cooled from (a) 1100°C (6 (c) 880°C (d) 950°C 


24 Effect of zirconium on transition temperatures of steels 
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17. The transition curve for the steel containing 
titanium is unaffected by variations in austenitizing 
temperature within the range 880° to 1200°C and no 
significant change in grain this 
temperature range. 


size occurs over 


General conclusions 

This work on synthetic steels made from high-purity 
material enables some general conclusions to be drawn 
on the effect of added elements and heat-treatments on 
the notch ductility of mild steels. 

1. In the absence of strong nitride formers the 
transition temperature range broadens as the nitrogen 
content of the steel is increased up to 0-010°% 

2. Additions of the strong nitride formers alu- 
minium, titanium, and zirconium to steels containing 
nitrogen combine with the nitrogen and narrow the 
transition temperature range. 

3. The transition temperature (i.e. defined as the 
highest temperature at which a 100° cleavage frac- 
ture occurs) is lowered by (a) a refinement of the 
ferrite grain size produced by added elements, and (5) 
the presence of aluminium in solid solution in the 
ferrite. The effect of aluminium in solid solution is 
greater than that produced by refining the ferrite 
grain size. 


APPENDIX | 


PREPARATION OF SYNTHETIC STEELS 

Melting equipment 

All the steels were made in the Gereatebau Anstalt Balzers 
VSG 25 at the BISRA 
Metallurgy Divisional Laboratory, Sheffield. This furnace con- 


high frequency vacuum furnace 
sists of a 25 kg rammed magnesia crucible heated by induction 


} 


from a water-cooled coil contained in an 184-ft® stainless-steel 


water-cooled chamber. A simple valve system allows con- 


trolled amounts of gases to be circulated through the chamber. 
The gases enter the chamber through a I-in. dia pipe directed 
over the crucible and leave through a pipe at the bottom of the 
chamber. 

During the deoxidation of a melt in the crucible, hydrogen 
of 20 ft?/min. On 


leaving the chamber the hydrogen was pumped through two 


was circulated through the chamber at a rate 


consecutive copper wate! cooled coils immersed in freezing 


mixtures of methylated spirits and solid carbon dioxide. At 
the beginning of the deoxidation treatment the first coil 


cooled to 0'C and the second to 
mtinued and the water 


ce vapoul 
decreased, the 


temperatures of the c« 
fore. progressive lv lowered maint 


ence hetween the coils of about 10 


60°C to 70°C respectively for the 


to hold all the 
ind the 


The coils were of sufficient size 


from the deoxidation of 50 Ib of tron 


ifter each melt 


Melting procedure 


A high-purity Swedish iron (B 


was used as a base for all the 


BISRA cat 


Iron as given in the 


Chemical analysis 
( Mn Si 


O-O17 


(Total Al)* 


0-006 0-001 O-O07 0-002 0-002 


* Not quoted in catalog 


1e but determined subsequently 


Spectrographiec analysis 
Ni, Cr, Mo, Cu, V, Tr, Co, 
0-01°,, W 0-05°, 


Sn, Pb, As, B, each less than 


4. The transition temperature of steels can be raised 
by grain coarsening heat-treatments although above a 
certain grain size the effect is small. 

5. A steel containing a nitride former will have a 
wide transition range if cooled sufficiently rapidly 
from a higher austenitizing temperature. 

Evidence has also been obtained showing that steels 
containing 0°3°, or more of silicon or 1°, Al show a 
double transition curve and a small proportion of 
intergranular fracture. 
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TABLE Vi Rolling programme 





Reheated 
9 

lo 

Li 

12 
Reheated to 1 100°¢ 
13 

14 

15 
Reheate 
16 

17 


to 1100°¢ 


dto L000" 





surtaces of some of the 
; others were shot blasted. The billet 
gnesia crucible and heated in a vac ium; V 

gon atmosphere at a pressure of 1-0 em 
ito the chamber to avoid splashing 


te the chamber was evacuated in stages over h to 


allow the carbon in the iron to remove the ox, internal 


reduction. Hydrogen was then passed into the chamber from 
a cylinder, via a ‘deoxo’ unit for removal of the last traces of 


oxygen and was circulated over the melt for 3 h, at just below 
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atmospheric pressure. At the end of the first hour the mangan- 
ese was added to the iron and the subsequent circulation of 
hydrogen removed the small amount of oxygen introduced 
with the manganese. At the end of 3 h the hydrogen pressure 
in the chamber was reduced to 50 x 10- cm and the tempera 
ture adjusted to 1600°C. In the case of the nitrogen bearing 
steels, controlled quantities of high-purity nitrogen gas were 
introduced at this stage. The pressure of nitrogen introduced 
was determined from thermo-dynamic data and details of the 
partial pressures of nitrogen employed are as follows: 


Nominal N 


content of 


Partial pressure of Actual nitrogen 
nitrogen in chamber content of 


oO bn > 0 
le steel’, A 


steel’, % atmospheres, 


002 0-002 
“0035 
“O05 


00-0076 0032 
0-O156 +0047 
00-0306 0-007 
00-0625 0-010 
0-16 0-016 


“O07 
“O10 
“O15 


The iron was held at 1600°C in contact with the nitrogen for 
2h. In the case of the ‘steels’ containing aluminium, silicon, or 
other additions, predetermined weights of these elements were 
added at the end of this period. The carbon was added to the 
crucible when all the other additions had been completed 
While the carbon was dissolving an argon atmosphere was 
introduced into the chamber at a pressure of 5 em Hg. As soon 
4-in 


I. mould coated with zirconium silicate paste. The 


as the carbon had dissolved, the ‘steel’ was cast into a 
square ( 
final weight of each ingot after cropping was about 40 Ib 

as obtained from analysis of 


Tables I-III. All the ele 


chemical methods. A vacuum fusion 


The compositions of the ‘steels 


samples of rolled bars are given in 
ments were analysed by 
r the 


method was used ft nitrogen and oxygen determinations 


and a special colorimetric method developed by Scholes?’ was 


used for the analysis of the soluble aluminium 


Forging and rolling schedules 


The cast ingots were » 


forged to 2-in. square bars in two stages 
under the BISRA 200-ton forging press working to a pro- 
gramme so that each ingot received the same rate of working. 
The ingots were heated to 1200°C in a gas-fired furnace and in 
the first stage they were forged to 24 in. square. After reheating 
to 1200°C they were forged to 2 in. square. (Owing to non 
availability of the BISRA press some of the alloys were forged 
to the same programme on a similar industrial press.) 

The forged bars were then rolled to §-in. dia. at the Metal 
lurgy Division, National Physical Laboratory, Teddington, in 
Details of pro 
gramme are given in Table VI. All the passes except the seven- 
teenth nearl\ the rolled 


through each, being turned through 90° after each pass. 


17 passes with four reheatings the rolling 


were round and bars were twice 
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Sage and Copley The notch ductility and tensile properties of some synthetic mild steels 


APPENDIX Il 


Calculated distribution of nitrogen and aluminium 





Chemical analysis Calculations, ° 

Al, % Alin 
N as solid 
AIN soln. 


(free 


soln.) N, % AIN ‘free N’ 





0-0015 “002 0-00078 

0-0018 00-0032 0-00094 

= 0-0047 
‘001 0-007 
‘001 0-010 
0014 0-016 
03 0-007 
OS 0-0078 
111 0-0078 
-193 0-0073 
-456 0-0062 
995 0-0062 


0-00228 
0-00274 


0-00122 
0-00226 
0-0047 
0-00648 
0-00948 
0-015272 


00052 
-00052 
-000728 
‘007 
-0078 
‘0078 
-0073 
-0062 

0062 


0-00152 
0-00152 
0-002128 
0-0205 
0-02285 
0-02285 
0-0214 
0-018166 
0-018166 


-0165 
-0649 
“0959 
-1789 
*44034 
-98303 
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Serrations in the stress/strain curve of cold- 
worked 301 stainless steel at 20°K 


J. F. Watson and J. L. Christian 


RECENT INVESTIGATIONS of flow and fracture in various 
metals and alloys at 4-3°-K and 20 K have described 
serrations (i.e. sudden discontinuous drops in load) 
observed in the stress/strain curve obtained during the 
tensile testing of these materials.!~* The cause of these 
serrations has been variously attributed to: thermal 
instability (i.e. plastic strain liberating enough thermal 
energy on certain slip planes to cause increases of 
temperature of a magnitude large enough to reduce the 
flow stress appreciably’; deformation twinning®; and 
burst type formation of dislocations.® Similar serra- 
tions and stress/strain curves have been obtained in 
this laboratory during the tensile testing of extra full 
hard 301 stainless steel sheet at 20 K, and it appears 
that the mechanism of deformation accounting for the 
observed serration in this particular alloy is the dis- 
continuous occurrence of the austenite to martensite 
reaction. It is believed that the sudden shear type 
formation of martensite caused the drops in load due 
to the greater volume of the martensite phase which 
momentarily released the load on the specimen. 

This grade of steel was cold rolled 60°, and exhibit- 
ed a strong directionality as measured by differences in 
mechanical properties between the longitudinal and 
transverse direction. The major alloying elements 
were chromium (17°64°,), nickel (7-11°,), and carbon 
(0-08°%,). During tensile tests of this alloy at 20°K, 
repeated discontinuous drops in load of about 15°, 
were observed, with 10 to 15 drops being typical. 
Examination of the samples, disclosed serrations run- 
ring at a 60° angle (measured from the longitudinal 


axis of the specimen) diagonally across the width of 


the sample whose appearance was not unlike Luder’s 
bands. 

Tests were run on a mechanically driven Baldwin 
tensile machine at a strain rate of 0-001 in./in./min. 
This was a ‘hard’ machine, and consequently the load 


drops were observed quite readily. The number of 


serrations in the sample generally corresponded to the 
number of drops in load, although exact correlations 
were impossible because many of the serrations inter- 
sected or were not clearly discernible. 





Manuscript received 6 April 1960. 
The authors are at the Materials Research Group, Convair- 
Astronautics, a division of General Dynamics Corporation, 


San Diego, California 


Magnetic and X-ray diffraction measurements of the 
reduced section of the sample before and after testing 
revealed that additional amounts of martensite had 
formed during testing. This reaction is known to be 
favoured by a combination of low temperature and 
high tensile stress.?7 Fractures occurred in a ductile, 
shear type manner, but the angle of fracture was 
inclined at 60° rather than the normal 45° from the 
longitudinal axis. It is postulated that this condition 
was caused by the formation of martensite from a 
highly oriented parent austenite matrix. Further 
circumstantial evidence was obtained from tests of 
cold rolled type 310 stainless steel, where no serrations 
and no magnetic effects were observed after identical 
tests at 20°K. Due to its high nickel content (20%), 
this steel is fully stable under all combinations of low 
temperature and high tensile stress. 

Since these samples were very thin (0-015 in.), 
thermal energy evolved during straining was dissi- 
pated rapidly into the surrounding liquid hydrogen. 
Thus the thermal instability mechanism for serrations 
is believed to be a second order effect under these con- 
ditions. Neither metallographic nor X-ray diffraction 
techniques yielded any information relating to the 
occurrence of twinning during straining because of the 
extremely fine grain size of this steel (not resolvable 
at x 1000). However, this mechanism does not seem 
likely in a highly strained fine grained material. 

Work at this laboratory has also shown that the 
occurrence of serrations in 300 series stainless steel 
sheet metal is dependent upon material variables (i.e. 
chemistry, amount of cold work, and thickness) and 
upon testing .conditions (i.e. testing temperature, 
strain rate, and existence of stress concentrations). 
Further study of these variables is in progress. 
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DISCUSSION ON PAPERS | 


Discussion at meetings 


Written contributions 


Discussion at the Autumn Meeting 1959 


The Autumn General Meeting of The Iron and Steel Institute was held on Wednesday and 
Thursday, 2-3 December 1959 at the Great Hall,Caxton Hall, Caxton Street, London SW1. 
The President (Mr W. Barr 0.B.£.) was in the Chair during some of the sessions, and it was 


later occupied by Mr F. J. Somers. 
Hall, while technical sessions ( 


Technical sessions A and B were held at Caxton 


'-F were held at the Hoare Memorial Hall, Church House, 


Great Smith Street, London SW1. Part of the discussion at technical session A has 
already been published in the July issue of the Journal; the remaining discussions are 


give n below. 


Joint discussion on forging 


Part 1 


This discussion was based on the following paper which was 
published in the October 1959 issue of the Journal (vol.193). 


Inclusive page numbers are given in parentheses, 


‘Operational research studies in the forging industry’, by 
k. H. Colicutt, J. Banbury, and J. V. Chelsom (148-157). 


Mr R. H. Colicutt (BISRA) presented the paper. 


Mr H. J. Webb (Jos« ph Webb and Sons Ltd): Of the many 


branches of the steel industry, the heavy forgemasters’ must 


be the most complex. Although a comparatively small indus- 


try, it manufactures a wide variety of products of many shapes 
and sizes and in many qualities of steel. There are 30 to 40 
firms in this heavy forging industry, mostly highly individual 
in their outlook, some specializing in one or two products, but 


the great majority working in a very wide tield and of what one 


might call a j« 


We ought 


bbing nature. 

therefore, to cor Mr Collcutt 
on venturing into this difficult field and producing 
paper 
efficiencies of the forges that they have 


iwratulate and his 
colleagues 
in them such an excellent survey of the comparative 


visited. 
rhe difficulty in finding forges engaged on a similar repeti- 
tion product 18s apparent, and the choice of four firms engaging 


on a simple cogging operation on tool steel ingots was un- 
doubtedly a very good first il 


ot} lant 


chnoice, aithough even here the size 
varied from a 50-cwt hammer to a 1 VUU-ton press. I 
WOULG ass a vV-cwt as equal to a 2uV-ton press, 30 
vyetween the various plants ol il, 

1 VOU-ton pre 


er work, and ther 


the pay 


ss would be far 
etore the 


wh in 


1 
surely 


rawn from the paper 1s surely 


that the ince between heating, trans- 


porting, and rging. It is no good having l 
furna it, and 


mn in the paper. 


to wit- 


speed press if the keep up with 


ynclusi 


authors have emphasized this essential c 
It must have I 


been a depressing expt mence tor the team 
»” 


the 2250-ton press working less than 20% of its time, less 


than 12 


min/h, and in that exerting only 20% of its power. 


Where press or hammer utilization is so very low, I would say 
440 
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that the scope for saving is so obvious that detailed investiga- 
tion was not justified, and I would suggest that the BISRA 
Operational Research Department should consider confining 
their attention to examination of forges where press or ham- 
mer working is of the order of 50% of the time. I should like 
Mr Colleutt to comment on this suggested ratio of utilization 
as a criterion for starting our efforts. 

Similarly, the study entitled ‘Choosing between a hammer 
and a press’ states the noteworthy fact that the hammer 
worked only 35% of the working shift; handling time was addi- 
tional: the figure is not given directly in the paper, but it 
appears to be about 15%. Surely, therefore, such utilization 
factors should be studied first, before considering the purchase 
of a press, especially if the proposed press shows little gain in 
forging time. (In this section of the paper we are not told the 
size of hammer or the size of the proposed press. Whether they 
were in line from the power point of view one does not know.) 

One complicating factor which I do not see mentioned in the 
paper is the question of quality of product. In connexion with 
quality, I but 
putting it under two headings: first, the physical soundness of 


am not considering the metallurgical aspect, 
the forging, which usually boils down to the amount of work 
put into the ingot: generally the re duction in the ingot cross- 
ection; and second, the dimensional accuracy and finish of the 
forging. This second quality factor varies with the policy of 
the firm, and often depends on whether 
the 


are dis- 


the forgings 


patched to firm’s chine shop or to the 


customer 
machine shop. Both these quality factors entail extra for 
time, possibly of the orde 


ir Mi Coll 


> finishing aione. 


hould like to he its on this, and t« 
whether he has 
during the resear« 
At the BISRA meeting on held in 
Bournemouth in 1959, Mr and Mr Hunt 
[This is another factor in pro- 


rreat difference 


forging which was 


Benson 


to torging time. 


ted to hear Mr Colleutt’s remarks on pr 
and if time permits I should like him to 


little on this. It 


heduling. 


is a difficult thing to control, in pres 
ause of our lack 


conditions. be of long runs and own 


low order book ahead of us 
Ltd): 
‘thod of shaping 


Mr N. Moore (Jessop-Saville forging is the 


oldest and most primitive me 
odd shapes th 


Open die 


metal. It exists 


to make the it are required in small numbers by 


he manufacturing engineer. Because it must cater for every 


whim of the customer, the 
{ 


machinery designer, the jobbing 


rge must be a very flexible plant capable of producing as 





large a range of forgings as possible. This means that in general 
terms the process is crude and wasteful; no single forging is 
made as cheaply and efficiently as it would be if the shop had 
heen laid out to specialize in its manufacture 

The paper shows us how the eficiency of an open die forging 


| 


hop can bye improved, and I should like to comment only on 


cone pom By and large the paper states that efficiency can be 
mproved only under conditions in which output ts increased 
ased book. I do not 


book will be 


which in turn demands an order 


that the 


inere 


believe order impr ved by a greater 


customer demand. although there are wavs in which the order 


load on a given shop can be increased. The demand for open 


forging does not vary proportionately to the general 


demand for steel. An expanding steel market does not lead to 


nuch greater activity in the jobbing forge shop, for as the 


batch number of a given forging increases, so does it become 


possible to manufacture in the specialized shops, such as the 


die forges. ring mulls, and tube mills 


There is such a difference in price between an open die 


and a machine-made forging that no conceivable 


forging 


increase in efficiency could stimulate demand for the products 


f the jobbing forge purely by offering a cost advantage to the 
ustomer 

[ recommend this paper to the forging user to remind him 
forging is, and how 


how expensive an article the oddment 


difficult it is to cheapen that product 


Mr H. U. Hattersley (Steel, Peech and Tozer 


are really grateful to BISRA for the liberal help and advice 


Forgemasters 


they are receiving and for undertaking fundamental research 
in a matter which has had little or no such research for vears 
During the war there were some drastic and radical improve 
ments in forging methods and outputs 
BISRA 


one of which was ours, and we had rather a staggering utiliza 


In the matter of utilization. studied two forges, 


tion of 75%, on our It was due to our having an order 


0 press 
hook which permitted that sort of thing. With present compe 
tition for trade, our utilization now is nothing like that figure 

In the matter of manipulators, a few years ago we put in an 


‘ 


axle-forging plant which was completely mechanical. The 
axles were made by manipulator. In the first stages the mani 


the take the We 


revised it so that the blooms were delivered under the hammer 


pulator had to fix bloom and axle away 
and could be gripped immediately by the manipulator and the 


axles taken away from under the hammer. so that the only 


travel the manipulator made was a few feet. In a plant of that 
scope there appears to be no need for electrical long travel. A 
hydraulic cylinder which actuated the long travel movement 
of the manipulator over those few feet would, under suitable 


circumstances, give an adequate return 


Mr D.C. Harries (English Steel Rolling Mills Corporation Ltd): 
The operational study on typical forges comprising both press 
and hammers, carried out by the authors, emphasizes in a most 
revealing way, the influence of mechanization and program 
ming on the utilization of the forging unit 

The forging manipulator figures very prominently in this 
and there is no doubt that much scientific thought is being 
given to synchronizing its performance with that of the forging 
unit itself. Press design and performance have improved 
greatly in recent vears and it is obvious that the manipulator 
must match these if the advantages are not to be lost 

The high proportion of cost represented by heating, especi 
ally inefficient heating, is also justifiably emphasized. On this 
point it is appropriate perhaps, to refer to the rapid rate of 
heating, by comparison with older traditional ideas, which are 
possible, provided this is symmetrically applied in well 
designed furnaces 

Not only heating, but steam for operating the hammers can 
be a very expensive commodity owing to leakages in the sys 
tem and the natural difficulties in turning on and shutting off 
at will. Compressed air is often a more convenient and econom- 


ical medium to use from these points of view 
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Authors’ reply 
Mr J. Banbury: Mr Webb commented on the wide variation in 


size of the forges we studied in the earl, This variation 


survey 
intentional, as he 


at effe 


was appreciates, ber above ill, we 


ts differences 


“use, 


wanted to see wh provi 


ion of plant 


and different § fe upon 


whien vere rene. 


end product \ is concerned 


appreci ited that this was a variable which we should include 


However, we could not ask for measurements of quality to be 


made, as this would require some sort of metallurgical studi« 


nd we therefore had to assume that with th particular 


lu vhich ts urly closely controlled, at least me illur 


the quality was sufheiently constant for our purpose 
be a doubtful a 

As for 
could 


at a 


umption 
dimensiona wcuracy, we dealt with th 


on the spot but current work in the department is aimed 
detailed 
The 


required tolerances in the 


much more study of the value of dimensional 


accuracy in forging aim is to minimize the cost of reach 


ing the machined end product, 


where one 1s trving to minimize the sum of the costs of forging 


and machining. and hence to state to what tolerances one 


should forge 


On the question of tooling, we have not tried to control this 


in the studies carried out so far, and slight differences in tool 


ing no doubt account for some of the variability that we found 


bet ween forges However, we never encountered anything 


other than flat tools. We have taken the tool dimensions nor 
mally used in each case and also the usual methods of parting 


off 


Production scheduling has been included in our 


What 


reducing costs, can be effected by 


current 


work on forging sorts of improvements, in terms of 
more rigorous methods of 
scheduling production through the shop? Such methods are 
not easily implemented effectively when order books are short, 
but even in these circumstances, where one can look ahead a 


fortnight. a month, or two months, something can be done to 
put the jobs into the best sequence for minimizing cost in the 
forge, bearing in mind the commitments undertaken by the 
sales organization 


Mr Mox re 


equipment provided because of the very wide range of pro 


commented on the need for flexibility in the 
ducts to be dealt with in jobbing forging, both as to size and 
shape, and he concluded that the forge would therefore inher 
ently not necessarily be the best for any particular product. I 
quite agree. What we hope to produce eventually is a specifica 
tion for the most suitable plant and organization for a given 
pattern of end products so far as shape and size are concerned, 
in different quantities, in terms of the most suitable equipment 
for dealing with that degree of variation of forging ¢« omplexity. 
Whether that will ever be possible I do not know 

I should like to comment on the ways of increasing efficiency. 
Mr Moore had understood that we had assumed that this could 
only be achieved by increasing output. However, in the ham 
mer v. press study we first considered if the change would pay 
with the existing market: that was one of the prerequisites 
Similarly, in the study of the effects of different methods of 
manipulating and transporting, we considered two sets of con 
ditions: first, what sorts of changes one could afford to make, 
i.e. one could justify so far as cost was concerned, with the 
existing market; and second, what sorts of changes one could 
afford to make if one could increase the market to take up the 
full capacity of the shop 

We are very glad to have Mr Hattersley 8 Support based 
upon his experience of his axle forge, for our general conclu- 
sions about the need to separate the transporting function 
from the manipulating function, and the effect of this upon 
press or hammer utilization 
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Mr Harries was concerned with heating costs and the design 
of furnaces: how could one design furnaces for dealing with 
variable products? That point may be dealt with to some 
extent in one of the papers to be presented later at this meeting, 
but it seems that this also emphasizes the need for effective 
production scheduling in order to minimize total costs. 


Part 2 


This discussion was based on the following papers (dates of 


publication in the Journal are given in parentheses): 


‘Theoretical analysis of bioom and billet forging’, by /. @. 
Wistreich and A. Shutt (1959, 193, Oct., 163-176). 

‘Spread and elongation in flat tool forging’, by 4. Tomlinson 
and J. D. Stringer (1959, 193, Oct., 157—162). 


Dr J. G. Wistreich (BISRA) presented the first paper and 
Mr A. Tomlinson (BISRA) the second. 


Mr R. C. Benson (Darlington Forge): The authors have started 
to tell us what to do with our fully automatic forges, and how 
we shall use them when we get them. That is obviously wise 
as a long-term policy, but it is quite uncertain when we shall 
get these automatic forges, especially for medium and large 
works. One wonders whether it will be in the lifetime of some 
of us who are present. At present, improvements in handling 
methods and in press control are visible only slowly and in 
small quantity. 

A point that might be borne in mind is that when we do get 
the automatic forging plant, we can be quite sure that the 
forgings which such plant will have to make will still be like 
those made now, widely varying in size and shape. In other 
words, a forging is usually something with knobs on it. If the 
authors intend to extend this theoretical analysis to cover such 
a wide range of products and shapes, it is perhaps as well that 
the fully automatic forge is not imminent, because they will 
certainly have a big job on their hands. In the case of an 
especially awkward forging, with which I am familiar, I would 
certainly like to see an automatic forge making a large rudder 
stock with a preset programme. 

To come to rather more practical points, in Dr Wistreich’s 
curves showing the speed it is not clear whether the speed of 
the press was taken as constant during penetration. This 
makes a big difference. If it is a direct acting press, the speed 
is constant during the penetration stroke, whereas if it is an 
accumulator or intensifier press, the speed of penetration will 
vary with the resistance; so that there should be two different 
curves for the two different types of press. Dr Wistreich must 
have made one assumption or the other, and it would be 
interesting to know which. 

My second point concerns the ever-present question in 
forging which the authors have described as side spread but 
which the forgeman describes much more appropriately as 
bellying or bulge. The side spread given, denoted by w,/w, in 
the paper by Tomlinson and Stringer, is only the mean side 
spread. It is what has been lost in elongation and gone into 
the width. This bulge unfortunately, as shown in Fig.1, has a 
wavy surface, and after raising the press and turning the 
forging through 90°, one has to lift the press high enough to 
clear those waves. They have also to be squeezed down again 
during the next pass before getting on to the solid, as it were, 
and starting the dimorphous deformation again; therefore 
unless the maximum of those bulges has been assessed, the 
theory is lacking. With a constant speed press, unfortunately 
it takes just as long to squeeze off an inch of local projection as 
it does to squeeze an inch into the solid mass. 

My next point concerns tool shape. The edges of the tools 
must be rounded or bevelled, or have a combination of the 
two. What limits the squeeze is the depth that the curved edge 
of the tool can be sunk into the surface of the steel. With, for 


example, a true radial fillet, say, a 3-in. radius on the side of 
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Mr Webb asked for details of the size of the press and the 


size of the hammer in the study. We regret that we cannot 
give this information if we are to preserve the anonymity of 


the company concerned. We are extremely grateful for their 
permission to publish the bulk of this particular study. 


the tool, it would be very rash to sink that tool 3 in. into the 
surface of the steel; almost certainly laps would result. 

As a rough rule, it is wise not to go beyond the place where 
the original surface impinges on the radius at an angle of 45°. 
The curve is then at the side of the impression which termin 
ates at 45° to the horizontal, and this should press in again at 
the next bite, without overlapping. With specially difficult 
steels, however, one must keep below even that. There are 
some steels, particularly the heat-resisting steels, the surface 
of which can hardly be forged without breaking, and it is 
necessary to have an even more liberal ratio of radius on the 
edge of the tool to depth of penetration. 

Tools with a bevelled edge have been used extensively in 
the past. They enable one to achieve the heavy squeeze which 
gives rapid forging down. The difficulty is that for any given 
width of flat face, the bevel at either side of it (which is con- 
veniently something like 30 
wider than the flat face. 


to the horizontal) must not be 


Perhaps it can be visualized. Imagine, for example, a tool 
with a flat face 6 in. wide and at either side a 30° bevel 6 in 
wide, the total width of the tool (I must ask Mr Tomlinson to 
call it width and not length) being 18 in. After a squeeze, there 
is 6 in. of flat surface and 6 in. of bevelled surface joining the 
squeezed surface to the unsqueezed surface. For the next 
squeeze, it is not possible to present the flat part of the tool to 
the bevelled part of the impression. It must be taken up on to 
the original flat surface of the billet. Therefore, if the bevel is 
wider than the flat, it will not be possible finally to produce a 
flat surface by overlapping impressions. 

Therefore, the only way to use a bevelled-edge tool 
effectively is to have a very wide tool with very wide bevels 
and again a very wide face in the middle. In most practical 
work such a tool is no use for finishing, because one cannot get 
up against collars or setdowns. Instantaneous tool changing is 
essential. This is a development required in the future, so that 
the forging can be finished using tools with a substantially 
flat face, so as to make the changes in section in the forging. 

Turning now to the power of press, this must always be a 
compromise, because in our forging work large and small work 
has to be done on the same press and also large and small parts 
of the same forging; one is in fact confronted with the varia 
bility factor. In order that the large press shall not be too slow 
or too expensive, a good deal of thought has been given to two 
power or three-power presses, the idea being in some cases to 
have a three-cylinder press and to use one centre cylinder, two 
side cylinders, or all three according to the pressure required 
and the work being done. 

Another factor is the power of presses. A press is designed to 
give the daylight required by the maximum size of ingot, 
which it is designed to forge. Then, it may be noticed that 
large rings and discs which are bigger than the ingot require 
more daylight, therefore the press will be made that much 
larger. Next, it may be pointed out that larger ingots can be 
forged. And so it goes on, larger and larger ingots being forged 
I do not know what we can do about this except by emphasiz 
ing that an overpowered press is definitely the right thing. At 
Darlington, we have a 2000-ton press which does the work 
normally done by 1000- or 1500-ton presses so that it is really 
an overpowered press. It is an old, intensified press, but on the 
lighter end of its work the extra power makes it an unusually 
speedy unit. 

On forging factors: in connexion with the section of the 
second paper dealing with spread, I should like to ask for a 
further study in this direction to enable us to assess the actual 





mechanical work done on the forging and its probable effect on 
physical properties. Mechanical work applied to the forging 
improves its structure by plastic flow; therefore it is necessary 
to measure the amount of such flow. 

In many cases, forging reductions are specified, but nor 
mally only the final and starting dimensions are specified 
e.g. the cross-sectional area of the ingot shall be three times 
the cross-sectional area of the forging. This means that the 
L,/ Lo finally is 3. It does not take any account of what happens 
in between. This forging reduction has for many years been 
known in the trade by the simple term ‘forging factor’ denoted 
by the symbol ff. 

The point of the three-figure formulae described by Mr Tom- 
linson is that the forging factor vertically on any one squeeze 
is equal to the product of the forging factor transversely and 
the forging factor longitudinally. In other words, if there is a 
amall unit cube inside the steel, the height of the cube is 
reduced in a certain proportion and the other two dimensions 
in normal squeezing are increased, one being the length and 
the other the width. Subsequently the width is brought back 
again. The actual mechanical work which is done on that piece 
of steel in producing the final shape is the total summation of 
all these flows, measured by the product of the successive 
forging factors. 

Is it possible to assess the extra work done by forging under 
conditions where there is a large amount of side spread? The 
material which has spread sideways has to be forged back again 
to produce the final shape, so that a unit cube within the 
material has been subjected to a greater forging factor than if 
the final shape had been produced with less spread 

We want next to know what has happened on the surface 
and at the centre. Can the authors give a figure for the amount 
of eventual total deformation that has taken place in the centre 


of the ingot and at the surface? It valuable 


would be very 
information and customers might begin to specify it 

I noticed that one of the speakers used the expression ‘open 
dies’ for ‘flat tools’. This is US practice but I would suggest 
that the UK practice is better: the term open die might with 
advantage be used to describe just that, i.e. a die which is open 
at one side, as opposed to the dies used in drop-forging which 
contain the forging completely It 
explain the term 


may be worthwhile to 


open die’ more completely by a simple 
example. When a shaft is inserted in a plain bolster with a 
portion projecting and this portion is flattened, a flange is 
formed with a rounded edge. If the bolster has a recess in its 
top face, the projecting part of the shaft fills this recess when 
pressed into it by an ordinary flat top forging tool, so that the 
edge is prevented from bulging and is kept concentric with the 
shaft. As we often have not enough power to fill such a recess 
with one squeeze the die or bolster is often moved under the 
press so that only part of the flange is covered at a time, but 
the object is generally to produce a flat face on the top, o1 
open, side of the die 


Mr H. U. Hattersley (Steel, Peech and Tozer): I 
speak on behalf of the heavy forging industry. We are more 
concerned with the forging of octagonal ingots than squares 
The various advocates of flat 


can only 


tools all have their different 
views, but normally we try to keep away from squares. If you 
make a square into a round, it is easy to chill the corner, which 
can have a detrimental effect on the surface finish. 

Secondly, we are much more concerned with what square 
we can get out of a particular job, and more particularly that 
it will have square corners. That is tied up very much with the 
heavy draughting. Dr Wistreich, broadly speaking, advocates 
heavy draughting, but if one has a heavy draught there will be 
a tremendous belly and when one turns that belly up and 
comes down, the corners will not come back to where they 
were. With particularly heavy draughting, if one looks at the 
bar in plan, it is a series of scallets. Therefore, one does not 
have a straight swelled edge all the way down; that comes 
later. 


The paper by Green and Stringer postulates only the press 
driver who will drive the whole equipment. I know of nothing 
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more difficult to make than a good square, and we still have to 
hack 


whose purpose is to watch the bar at every squeeze and to give 


have in our forge what we have christened the tonger’, 
a signal to bring the piece up, so that it will be a true square 
at the end and will not be twisted from one end to the other 
There is need of a man tor that purpose 


detent referred to 


That means that the 


in the experimental regulator will not 


usually be used regularly 
No reference differential 
different spreads for different steels. In 


has been made to spreads or 
the rolling trade, I 
have heard of people throwing a bar half-rolled on to the floor 
and letting it cool for several minutes, and afterwards they 


can get tremendous spreads 


Mr D.C. Harries (English Steel Rolling Mills Corporation Ltd 
The subject of optimum conditions of forging squeeze, feed, 
and number of passes in relation to output recalls to mind an 
earlier paper by Cook, which considered these same factors in 
relation to internal strains within the material being forged 

The authors have explained the principles involved in assess 
ing the best combinations of these variables from both metal 
lurgical and production points of view. Having established 
this it would seem that the problem remaining is to ensure 
that such conditions are regularly repeated 

It is that difficulties 
operations subsequent to forging, e.g 
the direct 
irregular forging technique, 


only too true encountered during 


heat-treatment and 


machining, are result of uneven 


the effects of which 
difficult and sometimes impossible to eradicate 


reheating and 


are often 


Mr Benson: Dr Wistreich said that the manipulators that we 
have at present will not forge both inwards and outwards o1 
backwards and forwards. I can assure him that they can and 
do. The usual reason for forging backwards or away from the 
press is that the steel at the moment of deformation is plastic, 
and what is sticking over the anvil droops. The piece between 
the anvil and the manipulator is upheld by the manipulator 
Therefore, the free end piece that bends down is straightened 
during the subsequent squeeze That is 


the only reason that 


forgings are brought in again for the next pass 

When working quickly on special steels with small reduc 
tions, it is our practice to forge backwards and forwards, with 
the simple object, as Dr Wistreich rightly 
When forging ‘difficult reduction 
cannot be made and the bending problem does not arise 


pointed out, of 


saving time , a heavy 


steels 


When slabs are cogged under a hammer in flat tools 


and indeed still have, a 


. we had 
in the past, side of the 


hammer passing the slab backwards and forwards completely 


man at each 
through the hammer by means of tongs which grip the side of 
the slab. These are known as nobbling tongs. If a manipulator 


at each side 


had similar tongs in place of the jaws which 


enclose the slab completely 


the same procedure could be 
followed 


Authors’ replies 


Mr A. Shutt: Mr Benson said that a major objection to this 
theory was the fact that forgings have knobs on. I know that 
most forgings do have knobs on, but in the stage between an 
ingot and a forging with knobs on, the forging does not have 
knobs on; this stage is generally called cogging. It seems to 
me from my small experience of watching forges that cogging 
takes quite a lot of time. Let us say that it takes only 30% of 
the total. If the cogging time can be cut down by half, 15° of 
the total forging time is saved; and I understand that if one 
can save 1%, of the time or cost in the steel industry, then the 
saving is worthwhile. In addition to square cogging schedules 
we have schedules which will forge rolls with a barrel, a 
journal, another barrel, and another journal on the other end 
We took the speed of the press as being constant, because 
the press with which we have to work, a 200-ton press, has a 
constant penetration speed, and consequently we did not 
investigate variable speed presses. The fact that the penetra 
tion speed is not constant does not alter the principles of the 


analysis at all. It is quite easy to take the average speed and 


Journal of The Iron and Steel Institute August 1960 





444 Joint discussion on forging 


then apply the sare analysis: a differential equation could be 
used instead of an ordinary equation in the middle of the 
theory, thus taking account of the variable speeds 

Next, the question of bellied surfaces. Obviously we cannot 
it the moment take account of the size and shape of the belly 
ing. This is a very difficult problem in the theory of plastic 
flow which no one has yet managed to solve. Empirically 
Mr Tomlinson’s experunents in his paper show that if one 
forges a bar on one pair of faces and then turns it up and forges 
it on the bellied surfaces, the same spread law holds for the two 
passes; 


dimensions, we 


therefore as long as we confine ourse lves to average 
need not take account of bellying in our theo 
retical analy although obviously it is an important practical 
point. We are in the process of developing an electronic sensing 
device which will be able 


I arm 


shape 


to take care of bellving 
with Mr 
We did some experiments recently on the incidence of 

The first that 


whatever the shape of the edge of the tool, whether square, 


sorry to have to disagree Benson about tool 


lapping thing our € x periments showed was 
radiused, bevelled, or with just the corner chamfered off, if the 


tool is sufficiently wide as much reduction as desired can be 


taken, without any resultant lapping In our laboratory we 


taken reductions as large as 72°, on raw ingots without 


have 
producing laps. We have been able to show that the length of 
contact between tool and stock is much more important than 
reduction in determining whether or not laps occur 

In the course of our experiments, we have compared the 
number of laps produced by square-edged tools, by tools with 
radiused edges, by tools with quite large bevels, and tools with 
the corners cut off. Obviously, of all these the tools with the 
square edges produce the most laps. If, however, the bite ratio 
is greater than 0-5, i.e. if the width of the tool is more than 
half the width of the bar, one can take as big a reduction as 
desired on a square bar without producing lapping, even with 
square-edged tools 

Mr Benson said that with a radiused edge, one could only 
press in until the surface of the bar was at 45° to the radius. 
We have shown in our experiments that a 60° slope on the 
edge is at least as efficient in preventing laps as any radius 
that can be put on the edge of the tool. 

A point was raised about the tool with the 30° bevel. Mi 
Benson said that the sloping bit could only be as long as the 
flat part. This holds only if a 7-in. 


every bite 


penetration is taken at 


I agree with him about the necessity for quick tool chang 
ing. If most use is to be gained from an automatic press, then 
it must be possible to change tools quickly , because one set of 
tools is not enough for every requirement. It is no good using 
our theory, or future developments of it, to do a job in 34 min 
if two tools must be used in that time and it takes 2 h to 
change them 

Concerning the power of presses and the fact that com- 


promise is necessary, we are working on a method of evolving 


Part 3 


This discussion was based on the following paper which was 
published in the November 1959 issue of the Journal (vol.193). 
Inclusive page nos. are given in parentheses. 
‘Experimental semi-automatic forge’, by /. 7. 7’. Green and 
J. D. Stringer (231-237) 


Mr J. D. Stringer (BISRA) presented the paper. 


Mr F. H. Towler (Towler Bros (Patents) Ltd): Many of us will 
have seen a 500-ton press at Walter Somers doing 140 strokes 


min with automatic thickness control, controlling the forging 
to ?y in. That press is fed by a 4000-lb manipulator whereas 
the one in the laboratory at Sheffield is only a 6-cwt manipu- 
lator. Some problems increase with the size of the press and 
with the size of the ingot or billet owing to inertia problems. 
The press at Walter Somers has been working about 15 
months. A rate of 140 strokes/min may seem rather a lot. We 
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the optimum has a lot of different 


things to do on one press. At the moment, I have taken half a 


COMpromise W hen one 


dozen different sizes, starting from a 24-in. ingot going down 


to a 6-in. bar, and from a 10-in. ingot down to a 5-in. bar; so 


that with about half a dozen of these varying sizes we can 


work out what are the optimum press sizes on the basis of the 
theory outlined by Dr Wistreich 

About press size, we say that if advantage is to be taken of 
recent developments, the same physical size of the press, Le 


the samme tool size, the sarne daylight, ete. is desirable but with 


roughly double the power. | do not know what that implies. 


Perhaps it means having four pumps instead of two and 


doubling the size of the columns. It certainly does not mean 


doubling the whole of the press, with the vast 


increase in 
capital outlay that would entail 

The question of the mechanical work which is put into the 
ingot and how it is distributed from a theoretical point of view 
is a difficult problem. Cook, however, whose work has been 
referred to today P 
to by Mr Harries 


stresses and strains are 


did some work on this in the paper referred 
He went some way towards showing how the 
distributed inside an ingot when it is 
forged. 

In reply to Mr Hattersley, the analysis which has been pre- 
sented today ts not restricted to squares It can be used for all 
sizes of rectangles frorn squares to wide, thin slabs or any 
forging which may be built from such shapes. I do not know 
whether that increases its use very much. 

Our rolling section is doing work on the spread of different 
sorts of steel, and so far it has not found any difference in the 
spread. As far as can be told, all steels spread the same if they 
are given the same surface; but the work is not finished vet. 


Mr J. D. Stringer: One point arises concerning the mechanical 
working of the forging. The work by Mr Cook, to which refer- 
ence has been made, gives us a lead on this problem. It is not 
true to say that a small unit cube inside the steel undergoes the 
deformation which one would calculate from our paper. Each 
unit cube there is undergoing a different amount of deforma- 
tion, and a more complicated summation than Mr Benson 
suggested would, therefore, be necessary. 

There is, however, the point that a forging is only as strong 
as its weakest link. If we have cavities inside a forging, the fact 
that we have worked a lot of the body of the material but left 
the cavity untouched becomes the most important factor. My 
feeling is that we should study the deformation of forgings 
from the point of view of cavities. 

My second point concerns the question of the different 
spreading of different materials. Figure 5 in Appendix IT has 
been made up from some data available from the USSR, tests 
having been done on steel and duralumin. This figure shows 
that in this particular case, where blocks were being deformed, 
the tests on duralumin and steel are very close and lie almost 
on the same line 


did in fact, have some trouble a few months ago when a small 
screw plug got loose in the servo system and it was reduced for 
a time to 90 strokes/min. A year ago we should have regarded 
90 strokes/min as very fast. Walter Somers, however, were 
complaining hard, because it made a difference between forg- 
ing the billet in one heat and forging it in two; therefore we had 
to remove that plug as soon as possible. 

Figure A(i) gives a record of the 500-ton press doing 75 
strokes/min, with varying penetrations around fin. Figure A (ii) 
is of the same press doing 150 blows/min. The press force is 50- 
100 tons. It is finishing 8 in. dia. and the average penetration is 
0-15 in. The maximum error is 0-040 in. Therefore automatic 
thickness control is already adequate 

The forge is worked by two operators. One is at the desk, 
fixing the thickness control and controlling the depth of pene- 
tration, and the other is on the manipulator, moving the 
forging round or in and out. When I saw the press working, 
and when many of you saw it working at the official opening at 





Joint discussion on forging 445 


Walter Somers, that manipulator was being worked by a 500-ton press, and even more so than with a L000. or 3000-ton 
17-year-old boy. There is some hope that we may in time be press. There is, for instance, a difference in the weight of the 
able to replace him by automatic control of the manipulator, moving parts to be accelerated and decelerated: and another 
The design of manipulators must certainly be looked at quite important item is the decompression of the liquid in the 
Surely we cannot continue with a manipulator which has to press evlinder, which is best done in about 1/10 s 
run around the forge, lift stuff out of the furnace. take it to the In the small 200-ton press at Sheffield, the decompression 
press, ete.; this is almost as crude as a muck cart on a farm. takes place in about 0-06—-0-08 s, and the rate of decompression 
If this automatic correlation between the movements of the is probably ot the order of 200-300 hp In the 500-ton press at 
forging and press and the manipulator is required, L think the Walter Somers, the decompression at full pressure in 1/1008 
manipulator has to be part of the press In other words, it is represents about 1200 hp The decompression of a 1 200-ton 
almost certain that in the end one must adopt the view that press, which is operating in Belgium, at full 1200 ¢ 
the manipulator has to be on rails and feeding into a definite sents 3400 hp 


position in the press, thereby being much more controllable With a 3000-ton press the 
The press at Sheffield was not a forging press, and never 3000 tons is about the order of 7000 hp. whiel 

designed as such. The hydraulic controls originally supphed butitisin L108 and if it were spread ove 

were manual controls which were not de signed for high speed only about 12 hp It is not as serious as it ! 

forging and had to be modified. It is obviously much easier to one of the limits to the speed at which a press can be operated 


achieve rapid action with a 200-ton press than with, say, a Returning to the diagrams of the 500-ton pre 
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working at 150 strokes/min, it was exerting only 50-100 tons, 
and the decompression was therefore practically nil. 

There are two factors in the speed of operation. The liquid 
in the press cylinder must be compressed, and then decom- 
pressed before the return stroke can be started. The build-up 
and the decompression are affected by the pressure, and with 
50-100 tons work could be carried on at 150 strokes/min. If, 
however, the billet had been cold, so that one was building up 
to 500 tons each time, the speed would have been of the order 
of 100 strokes/min or even less. That is one of the limitations 
of speed so far as presses are concerned. 

Approach speed is also important. A 500-ton press may have 
an approach speed of 20 in./s, but the same approach on a 
3000-ton press may not be so desirable. The size of the press 
determines the approach speed adopted. 

Also the role of the manipulator must be reconsidered. The 
bigger the press, the bigger the billet. Whereas 6 cwt or even 
4000 lb can be moved at 150 movements/min, 20 tons cannot 
be moved at that speed. Therefore the weight of the billet must 
limit speed of operation, and the manipulator will become the 
limiting factor on the speed of operation of the larger presses. 

Until we saw this press operating at Walter Somers, I did 
not realize how much benefit thickness control 
would bring by speeding up the operation of the press. I should 
have regarded the idea of that press working at 150 strokes/ 
min as impossible. I certainly would not have given a guaran- 
tee for anything more than 100/min, and that very uncertainly. 
It is remarkable how easy operation of the press becomes when 
it can be set at a given size and it is certain that it will finish at 
that size, with little or no chance of exceeding it. 


automatic 


I imagine that something may very occasionally go wrong. 
With a manually operated forging press, an error such as 
making a waster and having to put back the forging and do it 
again, may not be reported; with an error from an automatic 
machine, on the other hand, there is no blame attached to 
anyone on the shop floor, and the machine-made mistake is 
reported to the management who in turn refer it to the manu- 
facturer of the machine. 

A forging press working at anything like the speeds I have 
indicated must do something like 10 million cycles in a year 
It must do 10 million eycles without making a mistake, or at 
least only make a mistake during a cogging operation and 
before reaching the finished size. It is important to bear that 
in mind. Every component must be capable of operating 
10 million cycles without failure. Only one component has to 
fail to cause damage to a large forging, damage which may be 
more than the equipment is worth. Therefore, every compon 
ent should be scrupulously regarded for likely flaws in opera 
tion 

The manual operator should not be.underrated. Human 
anticipation and perception is quite remarkable, even in a 
17-year-old boy, and it is likely to be difficult to reproduce it 
in a machine. If a good driver motoring along a road sees a ball 
running across the road, he will take his foot off the accelerator 
and put it on to the brake pedal, and may even start to apply 
the brake because he knows that a child may be following the 
ball. It is very difficult to make an automatic machine antici- 
pate what will happen next. It is well worth bearing in mind 
that when forging, the bar may not always go straight and 
somebody will have to be there to make a little correction 


Mr J. O. Ward (H. Wiggin and Co. Ltd): I should like the 
authors to comment on what seems to me to be an important 
problem. They make no mention in the paper of the time 
allowed during manipulation for hoisting the forged piece up 
off the anvil to allow for the set-down caused by penetration 
on the bottom tool. In considering our own manipulation 
problems, the time required to lift ingots, weighing up to 
3 tons, off the anvil by a rail-bound manipulator, is of the order 
of 1/10 s, which is about one third of the total available time 
for manipulation within the press stroke. This has seriously 
limited the longitudinal travel and we have had to ask the 
manufacturers of the manipulator to increase the longitudinal 
speed from a proposed approximate 100 ft/min to 500 ft/min, 
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This imposes a serious design problem of the kind to which 
Mr Towler referred. 

The authors talk about the dimensional accuracy of the 
forgings and I am bound to say, from what I have seen, that 
their figures are correct. What I do not remember, however, is 
any reference to straightness. It is no good producing a forging 
which is precisely 6 in. square at one end when at a position 
6 ft away it is twisted or offset, and one is only able to machine 
a 5j-in. square bar from it. It may be that having a rail-bound 
manipulator produces a perfect forging, but I should like the 
authors’ comments on this problem. 


the excellent paper stimulate thought. Automatic equipment 
is certainly not very common in forging at the moment, but 
one wonders whether the reason given by the authors at the 
beginning of the paper is, in fact, the correct one, for forging 
will always tend to be of a non-repetitive nature. Yet in the 
same paper the authors have clearly put much effort into 
developing this remarkable automatic equipment, for which 
there must be a very real need. 

One would imagine, therefore, that a sounder reason for the 
absence of automatic equipment in forging is that work of the 
standard described in the paper has not in the past been 
tackled with any earnestness in the UK, so that the forging 
industry, which is old and therefore tends to be conservative, 
has had no firm foundation on which to build into the rela 
tively obscure realms of automatic control. 


Mr F. Mattos (Fairey Aviation Ltd): The very first words of 


One has heard of some private efforts to introduce auto 
matic control in conjunction with remote position control on 
large presses. The attempts were no doubt made by practical 
engineers who unfortunately lacked a sufficient knowledge of 
servo systems and as a result the standard achieved (1 know 
this on at least one forging press) was such that the operator 
preferred to leave his selector level always on ‘manual control’ 
Anyone watching a skilled forging press operator cannot but 
be struck by the amazing standards achieved without any 
newfangled devices such as those described in the paper, and 
herein lies the danger to the servo engineer. Unless an auto 
matic control good one, the skilled 
operator will not welcome it with open arms. 

Figure 2 in the paper shows, in the distant background, the 
control desk for the BISRA experimental rolling mill, which 
reminded me of four days I spent in the BISRA laboratories 
at Sheffield in 1957 while working on an automatic strip gauge 
control. During those tests, virtually at the first attempt, 
strip gauge was controlled within -+ 0-0003 in. using an electro 
hydraulic servo valve in conjunction with the BISRA dyna 
modulator.* 


installation is a very 


During those tests, I was able to spare some time to make 
the acquaintance of the 200-ton press which forms the subject 
of the present paper. The authors will no doubt recall that 
first attempts at position control were being made on the 
press at the time and it was suffering from ‘hiccoughs’ at the 
top of stroke which could not help but excite the curiosity of a 
hydraulic servo engineer. I am indeed pleased to learn from 
the paper that the steps taken have cured this, and indeed 
improved the performance quite remarkably at 
authors describe as a reasonable cost. 


what the 


I have little doubt that the instability at the top of stroke 
was associated with the compressibility of the fluid in the pipe 
lines between the annulus side of the ram and the control valve 
which was rather remote. I wonder whether the authors would 
confirm that this is the main reason for the non-return valve 
by which ‘the ram is supported in a stationary position’, and 
that in fact this non-return valve and the two-position control 
valve have been installed much nearer the ram than was 
originally the case. 

Attention to fluid compressibility effects is, I feel, a most 
important factor in the design of hydraulic position control 
systems, a matter which is not given enough attemtion in the 
early stages of design. The authors have made this point in 





* BISRA unpublished report PE/R/48/57. 





relation to the handling of inertia loads elsewhere in the paper, 
but whereas they have shown that hydraulic motors won the 
day on a comparison of weight, size, and torque, they have not 
made the most important point in a study of such a servo 
system, i.e. that the inertia of the moving parts of electrical 
machines is many times that of equivalent hydraulic machines, 
so that the hydraulic device is less likely to introduce trouble 
some critical frequencies in the operational frequency range. 
An interesting standard of comparison from the point of view 
of weight and size is that the best electrical machines cannot 
be operated at more than the equivalent of 200 Ib/in?, whereas 
hydraulic machines can operate at 4000 lb/in*, or any other 
pressure one cares to stipulate, if they are correctly designed. 

The problem of flexible high-pressure piping is a very real 
one, particularly if the flexible pipe introduces unwanted 
compliance between the control valve and the actuator which 
must do the work. Though it would not have helped in the case 
under discussion, there is still a need for a compact, reliable, 
and efficient hydraulic power pack, preferably with a servo- 
controlled variable delivery pump to prevent heat generation 
so that a large fluid reservoir need not be carried. Size and 
weight are very important in many cases, as indicated by the 
authors, so perhaps we could do worse than look towards the 
aircraft industry for help in this direction. 

Throughout the paper, the authors have dropped repeated 
hints that, in some cases, they would have used better equip 
ment had finances permitted. In the circumstances they have 
achieved a of control and co- 
ordination between the press and the manipulator, but one 
hopes that this principle of ‘make-do’ will not be extended to 


quite remarkable standard 


operational plant and that such systems will be designed right 
from the beginning along the lines of true servo synthesis so 
that all the various sub-units are accurately matched to each 
other to achieve the optimum system rather than one which is 
merely adequate. Unfortunately this basic approach to system 
design is more often preached than practised in heavy engin 
eering. How often do we hear of a system costing, say, £500 
being turned down in favour of an inferior one costing, say, 
£200 because the cheaper one will just about do. Unfortunately 
the compliance of the machine one is working with turns out 
to be somewhat different from the calculated value, so that 
the inferior system is now not quite good enough. 

There then follow, say, 300 man-hours of experiment t 
win a little bit here and a little bit there to achieve the desired 
object, or at least to meet the specification. By any logical 
standard, the inferior equipment is now much more expensive 
and has used up senior design effort which can ill be afforded 
One cannot honestly rate technical man-hours at any 
than 25-30 s. an hour, including overheads, when one con- 


less 


siders the standard of technician employed on servo work 

How many man-hours were spent overall in achieving the 
standard of autocontrol described in the paper, and from this 
point of view, could not the steel industry, which is by any 
standard a wealthy one, make more money available to 
BISRA for automatic control equipment as distinct from 
technical effort? BISRA are exercising much fine technical 
effort but they are, I feel, heavily hampered by lack of equip- 
ment designed specifically for the job. 

For instance, the authors might not then have had to accept, 
as stated in the paper, ‘the inevitable dead band in on-off 
position controls’ and could have designed in an electro- 
hydraulic servo system for peel rotation which would have 
given any set angle within 1/3° without detents which limit the 
control to a few set positions. 

High-quality multi-loop electrohydraulic servos have not 
been introduced in any great numbers in the steel industry so 
far, but these things have now passed well beyond the tinker 
ing stage and are being widely applied to aircraft flight simu- 
lators for the training of pilots for the Britannias, Comets, ete., 
and many other similar ground applications. I see no reason 
why they should not be extended into the steel industry, 
where in fact they would necessarily pay large dividends. The 
overload case described is covered in aircraft power controls 
by using a pressure-loaded relief valve on each side of the jack 


Joint discussion on forging 447 


or motor which relieves back up the pressure line when a safe 
pressure is exceeded 

I should like to take up a comment made by Mr Towler on 
the matter of strokes/min. I see no reason for limitation, 
other than the physical limitation of machines, etc. Why 
should any forging press not stroke at any rate one cares to 
specify, provided it is designed for the job? The control equip- 
ment must be there when required. For example, an aircraft 
now flying at Mach 2 or 3 was not conceived 15 years ago. It is 
possible to set a hydraulic unit oscillating at 1000 c/s. This is 
only a matter of designing the performance of the servo valve 
relative to the size of the actuator and the inertia force 
available 

The use of underlap valves is to be firmly avoided in most 
hydraulic servos. They are usually resorted to when accurate 
control of overlap cannot be achieved by normal techniques, 
but they are wasteful of energy and will change their charac- 
teristics with time because of erosion of port edges unless a very 
good standard of filtration is used. Manufacturers of underlap 
valves will protest at this, but these valves should nevertheless 
be classed as ‘make-do’s’ best left alone in high-response 
systems. They help to linearize systems, but at the expense of 
stiffness with a consequent reduction in natural frequency. In 
any case, even though they are less amenable to calculation, 
non-linear systems can offer many advantages particularly 
where a human operator is to form part of a control system 

Servo valves are available in which overlaps can be accur- 
ately controlled within 0-0006 in. repeatedly at any required 
value, so that designers should not have to consider anything 
less accurate when designing the best thing to do the job 
correctly. I favour a total lap of about 0-002—0-003 in. so that 
a movement of 0-0015 in 


from hydraulic neutral will initiate 


a@ correction at an appreciable rate. Such a valve will even 
position within this accuracy given a little time. Movements of 
0-0002 in. can be quite easily measured and reproduced 

The results achieved by the authors are remarkably good 
and therefore the equipment was obviously well chosen for the 
that it 
would necessarily have been suitable if the sights were set 


task it was intended to perform. This is not to say 


somewhat higher. Double the stroke rate used for the tests is 


already being speciffed as an aim for auto-controlled presses 


for planishing 


The Chairman (Mr F. 5 
a point made by Mr Mattos. In the forging industry we have 


Somers): I should like to elaborate on 
to go to one manufacturer to buy a forging press and to 
another manufacturer to buy a manipulator; they come from 
two different sources. If both presses and manipulators were 
built by from 
one desk as an integral plant and many difficulties would 
disappear 


one manufacturer they could be controlled 


Mr R. V. Rowles (Fielding and Platt Ltd): Having seen at 
BISRA the equipment referred to in the paper, I congratulate 
all those concerned on the very great contribution they have 
made to the forging industry. The control and speed of pene- 
tration of the modern hydraulic press are now certainly com- 
parable with hammer performance 

One considerable advance with the equipment under review 
is the very close control of thickness, which has just been 
When this is related to automatic control and 
rapidity of stroking of the press and the integration of the 
manipulator, it presents forgemasters with an entirely fresh 
concept of production 


stressed. 


At the risk of overlapping some of the previous papers, may 
I offer the following comments? In comparison with the press, 
the hammer depends almost wholly on the discharge of kinetic 
energy. Its force is therefore reduced from the moment of 
impact until the tup is stationary. Its manipulation requires a 
good degree of skill and the expenditure of physical energy, 
and one hears from time to time that fresh labour is not taking 
kindly to hammer working. However, for certain types of 
forgings it remains the obvious choice of equipment 

Considering the characteristics of the press: when working 
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the load can be maintained 


throughout the entire stroke if desired. and broadly speaking 


direct from pumps, maximum 
the power used is governed by the resistance of the material 
With accumulator feed, regard must be paid to the usually 
light fall in pressure due to the expansion of the air if a gas 
loaded accumulator is employed, but for large presses working 
at high ram speeds the accumulator is usually necessary as the 
installed horsepower 


For 


with direct pumps becomes excessive 
3000, 5000, or LOOOO 
capacity, with direct pumps a pressure of anything like that 


instance, with presses of tons 


magnitude related to a reasonably high ram speed would 
entail installed horsepower that might not be a¢ ceptable, and 
an accumulator would be necessary 

BISRA, 
must stress the paucity of the funds that are available in the 
UK for this type of research. As a member of a BISRA com 


Referring again to the improvised press at one 


mittee one is only too well aware that adequate funds have not 


been available, which is surely a reflection on our national 


concept of fundamental research. 

searing this in mind, one respects the work of the people 
who have produced the results described in the paper. It may 
be recalled too that this improvised press was prepared some 
time when the larger 


ago, since 


required for 


modern types of presses 


industry have become commercially available. 


The comments of Mr Somers regarding manipulators merit 


very serious consideration 


In conclusion, [| think that what has been achieved and 


what has been referred to in these papers offer forgemasters a 
The 


associated equipment, can probably make one of its greatest 


great opportunity. modern hydraulic press, with its 


contributions to industry in the forging industry 


Author’s reply 


Commander J. 1. T. Green (BISRKA): Before saying anything 
about our work, I should like to repair what, I feel, is an 
omission in the paper: to tell you that we owe a great deal to 
the help of Mr Towler, especially in regard to the press, and to 
Mr Levetus when it came to details of the hvdraulie circuit for 
the manipulator 

The main interest to engineers in any project of this kind is 
in the lessons it teaches us and is continuing to teach us. It is a 
pity that there was no time to build a prototype and no money 
to devote to development of the machine before it was wanted 
for forging research. It was a case of an urgent requirement 
arising at short notice which had to be met as quickly and as 
cheaply as possible 

Mr Mattos 


expended on this project 


effort 


much 


the and 
We had no idea at first 


we would spend, but were thinking in terms of a few hundred 


has drawn attention to cost 


how 


pounds. This machine was designed and built within eight 
months of the original order to go ahead 

As regards the design, we had only our engineering instincts 
to guide us in its building. The rules adopted for design were 
lightness, strength, and stiffness in the structure, and pro 
vision for compliance or vield to protect the carriage trom 
We also 


had to bear in mind, although no precise specification was laid 


external forces arising trom the forging process itself 
down originally, that reasonable accuracy would be required 
if good straight forgings were to be produced We started off 
with the peel hanging on chains, and were faced with the 
problem of converting that into a mechanical system which 
could be controlled 

Phere is much talk nowadays about remote power control 
rpc). It ts sometimes that it is not any old thing 


forgotten 


which can be controlled by rpe, e.g. a mass suspended on a 


cham or a hydraulic ram actuated by a fluid susceptible to 
compression under pressure. Stiffness in the drive is essential 
for good rpe, and one problem was to provide yield under 
excessive external forces without departing too far from this 
principle 

Our early tests provided the first proof of strength in the 
1957 the 


and the resulting crash threw the machine off the rails without 


structure. In limit switch on the long travel failed 


any apparent damage. Proof of the adequacy of vield under 
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external forces occurred about the same time when the press 
got out of step with the long travel. The rubber shear pads 
yielded to the limit of their movement without stripping. The 
correct choice of stiffness has by no means been settled, and it 
is bound to have an effect on accuracy of longitudinal move 
ment when high operating speeds are obtained 

In the film the manipulator looks as if it has a great deal of 
flexibility in it. The carriage is protected from violent shocks 


| 


by the slight axial movement of the peel when the pres 
delivers its blow 
(Then 
project.) 
Mr Ward asked about the 
the 
movement. We relied on the ability of the peel to remain 


followed a 7-min film “Automatic press forging 


time allowed for lifting the ingot 
from anvil. We allowed no time specifically for this 
stationary while the carriage starts its movement, At one time 
we considered the addition of a hydraulic cylinder for tilting. 
but rejected this in the interests of simplicity 


His 


present, 


second about 


the 


control of accuracy is the rotational movement 


question was straightness. Up to the 


only motion which has been given additional 


This was found 


necessary to avoid developing a twist in forging rectangular 


bars. Our solution was that described in the paper, using a 


detent with automatic provision for yielding when a heavy 


external twisting movement occurred, and subsequently 
restoring tts position 

We now find that greater accuracy in long travel is required 
\ single potentiometer wire sensing position to an accuracy ot 
1 in 500 may not be good enough when the total travel is very 
large in relation to the degree of precision required. Even with 
continuous control, accuracy would not be any greater than 
it is now. 


The the 


mentioned by Mr Mattos merely serves the purpose ot locking 


non-return valve in new press hydraulic circuit 
the oil in the annulus, so that the ram remains stationary with 
the pumps unloaded. The condition to which Mr Mattos refers 
cannot happen in the new circuit owing to the presence of the 
prefill and exhaust valve. 

In conclusion, I must emphasize that there are many 
possible forms which this kind of machine might have taken. 


but the guiding principles of design would remain the same 


WRITTEN CONTRIBUTIONS 


Mr A. F. Marshall (BSA Group Research Centre) wrote: The 
BISRA in the 


hydraulic forging press and its manipulator in an automati 


achievement of combining operation of a 
preselected cycle is of considerable interest 

Its application is probably limited by the generally very 
diverse production of the usual forge shop as ideal applica 
tions, e.g. the cogging down of special steel ingots for finishing 
by rolling, which occurred in US plants around 1945 at the 
latest, are no longer necessary 

The system might well be applied to the forging from de 
scaled ingots of steel billets for the extrusion process, with the 
hydraulic forging press doing the initial cogging down, final 
rounding up at 50-100 tons power at 120-150) strokes/min 
a mechanical machine, and induction heating 

billet 


extrusion. Owing to the automatic nature of the process, little 


being done by 


being used to return the sawn to temperature before 


difficulty should be encountered in maintaining a protective 


atmosphere throughout and in providing heat reflectors 


where most advantageous 
I suggest that certain existing types ot steam intensifier 
utilized im automatic or 


driven presses could be semi-auto 


matic forging. Presses of this type, made by one manufacture: 
at least. were rated at up to 120 strokes/min for LOOO tons 
The attendant 


continuous rotation of its motor with the turning chain stalled 


capacity. turning gear was designed for the 


intermittently by the power of the press: thus when rounding 
up forgings, only the press control lever need be operated 
Phis lever was designed to give forward speed and stroke of 
the press proportional to speed and distance of hand lever 
movement. Unfortunately since the levers, links, and pins in 


the control system were rade before needle roller bearings 





became avatlabl isdoubtful how 


fully effective 


Mr 8. W. Taylor (Wellman Smith Owen Engineering Corpora 
tion Ltd) 


Commander 


wrote As one of the engineers referred to by 


Green, who is responsible for the design and 


development of forging manipulators and other steelworks 


handling machines, mainly of the mobile type, [ am not a 


forge-man, but nevertheless need to understand the require 


ments of forgemasters, and design for manipulators which 


will withstand the arduous nature « » work in the forge 


particularly if hanuners are employed. 
Mr Towler 


away 


remarked that the automati forge is mot tal 
the COMpany I represent has on order a forging thanipu 
lator for a semi-automati lorge. The ft ring rnampulator 


BISRA machine 
mid the 


m ) \ pacity as is the ex 


but of S-tons capacity rated with the Foe Oin. bey 


grips), and is a mobile machine presenting rtain additional 


design problems, particularly with regard to steering. It has 


certain functional advantages, however, over the rail manipu 


lator if a variety of forge work is contemplated. This machine 


t 


has not only been designed, but is at the time 


actually being assembled. It has been designed to 


a) as fully mobile machine to work under manual 


ith the press, and for charging ingots into the furnace and 


transporting these when heated between furnace and press 


(6) at the press by remote control on all motions, which would 


include long travel, steering, re 


bar turn, grip, rocking hoist, and 


parallel hoist; the operation of these motions being by push 


buttons mounted on the press control desk, and with thre 


bar turn, parallel hoist, and long travel automatica linked 
with the stroking of the press (in this respect, the 


BISKA 


Ihachine 


meets the specification of the nachine, but on a very 
much larger scale 

It may be asked why this machine was not a rail-bound 
machine, as is usually envisaged for the autormatic forge. The 
reasons are: (a) the mobile machine is considerably cheaper 
than a rail-bound machine provided with the same motions, 


particularly if cross traverse and/or slewing ts required, 
(6) although one machine only has been ordered to date, the 
forge was planned to utilize two 8-ton mobile forging manipu 


lators, one to forge while the other is fetching the next ingot 


(full utilization of the press can be obtained in this way; 
furthermore, should one machine need maintenance the plant 
ean still funetion, although at a reduced rate), (¢) the mobil 
machine allowed the floor area to be level and free from obstruc 

tion, and obviated the need for a pit to be provided as is usual 


for the rail-type manipulator, and (d) since the work to be 


forged covered a wide range, the mobile machine was con 
sidered more versatile 

This machine will be in operation, working in conjunction 
with 


a high speed press in a new forge 1 Sheffield specially 


designed for automatic control, which should be im operator 
within the next 12 months, and should be of interest to forge 
masters, and to BISRA in view of the excellent 
Much could be said about the 
machine compared 


BISRA, but 


written contribution 


work they 


Initiated detail design of a 


practical with the laboratory machine 


designed by would be beyond the seope of 


However, although about 95 of forging manipulator 


enquiries we receive are easily satistied by quoting for mobile 


machines, there is a case for the rail machine when consistent 
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production of forgi i i i lo md bars 1s 


required. In the latter ci | i} ion O press O1 


hammer, mean heated work the manipu 


later n be provided, together with adequate furnace 


capacit juestion f adequate furnace ipacit i f prime 


importance if the press and manipulators are o be fully 


employed for the entire shift. Large furnace ¢ ipacit is not 


usually available and int experience when visiting variou 


clients rks where a mobile forging manipulator had been 


put to alithoug! furnace capacity had been 


installed to make ill the forge, the manipulator had a 


large amount of idle 


time, even when transporting duties be 


tween forging were included. However chent 


a forging requirement which ts mainly 


e and unde 
e are de 
bound machi tied 
rdered 


anid te 


speed 
e present 


mplete wi t il tank and 


valve and the electr motor and control gear will be placed 


mi the floor at one side o 


the manipulator with flexible hose 


onnecting the pump set to the various motions of the mach 


ine. The machine is to he urried on free running wheels on a 


ack provided with kick-rail to embrace both the front and 


the rear wheels, thereby preventing the machine jumping the 
tracks when operated on fast travel motion. Cylinder operation 
for the travel motion is envisaged, but Commander Green 

remarks regarding BISRA’s preference for rack and pinion 


mind It 


are only able to 


be borne in must, however, be mentioned 


remove the pump set electric motor 


and control gear from the machine, and provide cylinder 
operation for the travel motion as a travelling distance of 
10 ft an. is acceptable Longer travel or larger machines may 
dictate putting the pump set etc. back on the machine, but not 
necessarily the operator; higher power would then be needed 
to take care of the increased weight to be travelled 

I agree with Mr Towler that although the automat 


forge 


may have only one operator for both the press and manipu 
skill 
With 


control gear which 


lator, it 1s essential to treat the 


would still be 


person as important is 


required to operate the various controls 


the complicated hydraulic operating and 


would be present with the automatic forge, expert and timely 


maintenance must be earried out, although my « xperience has 
shown that 


ith the 


many steelworks lack enough maintenance people 


necessary hydraulic experience, which is one reason 


ve now design our forging manipulator with the simplest 


possible hydraulic svsten 
I was very interested in Mr Mattos’s remarks on hydraulic 
equipment and its comparison with electric equipment, as 


have designed all our machines except for the ver first 


with hvdraulie operation for ill motions. | agree with 


that direct pumping is more suitable than accumu 
which can be dangerous should pipes cra k and spray 


With 


manipulator builder is not able to operate above 2000 Ib/in* 


oil towards the furnace regard to oil pressure, the 


as flexible hoses have to be employed 
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Discussion on carbides and nitrides 


This discussion was based on the following papers (dates of 
publication in the Journal are given in parentheses): 


‘Carbides in annealed and quenched high-speed steels’, by 
T. Malkiewicz, Z. Bojarski, and J. Foryst (1959, 193, 
Sept., 25-31) 

‘Hexagonal carbide and nitride phases and their occurrence 
in some alloy steels’, by K. W. Andrews and H. Hughes 
(1959, 193, Nov., 304-311). 

‘An electron diffraction method for determining the crystal 
lattices of small thin lamellar precipitates occurring in 
steels’, by G. R. Booker, J. Norbury, and A. M. Rose (1959, 
193, Nov., 221-226). 


Prof. Mgr. Ing. T. Malkiewiez (Institute of Ferrous Metallurgy, 
Gliwice, Poland) presented the first paper; Dr K. W. Andrews 
(The United Steel Companies Ltd) presented the second; and 
Miss A. M. Rose (Central Research Laboratories, Richard 
Thomas and Baldwins Ltd.) presented the third. 


Mr F. B. Pickering (United Steel Companies Ltd): My contri 
bution to the discussion will be mainly concerned with the 
occurrence of the M,X phase dealt with by Drs Andrews and 
Hughes, but firs 
in connection with the papers on carbides in high-speed steels 
and electron diffraction effects from lamellar precipitates. 

[he main point of the paper on high-speed steels is very 
clear: the rate of solution of M,C is apparently much greater 
in the 9-4-2 steels than in the 18-4—1 type. Possibly this is due 
to the different positions which the two steels occupy with 
respect to the equilibrium system Fe-W—Cr-V-C. The authors 
might. with benefit, have discussed their results in the light of 
this system although it is undoubtedly very complex, and 
possibly have attempted to explain more fully this difference 
in the behaviour of the M,C in the two steels. 

In most cases the analyses have been carried out on residues 
which contain several types of carbides, and this always makes 
interpretation of the analysis changes very difficult. Selective 
removal of one or more of the phases, as used by the authors, 
is very useful where identifications only are required, but the 
doubtful quantitative nature of extraction procedures, and 
especially selective solution of an extracted residue, makes the 
resulting analytical results very dubious. Such results as are 
shown in Figs.7 and 8 therefore appear to me to be difficult to 
interpret as they comprise at least two effects, i.e. the solution 
of one or more of the carbides present, probably at different 
rates, and also the alteration in analysis of the more stable 
carbides by diffusion processes with both increasing time and 
temperature. The interaction of these factors can lead to the 
reversal effects shown in Fig.8. 

The paper by Booker, Norbury, and Rose is an excellent 
example of an adaptation of selected area electron diffraction 
to the determination of crystal lattices of lamellar precipitates. 
Here we have the application of a technique similar to that 
used by Gard on minerals, to the examination of precipitates 
in extraction replicas. I should like to ask several questions 
on this. 

It has already been mentioned that the calibration of the 
electron diffraction pattern alters when using the fixed angle 
inserts. How difficult is it to position the specimen and find 
the actual precipitate previously examined, and is the focus 
greatly affected? In the image, is it 
particular particle? 


difficult to recognize a 


Secondly, would it not be possible to obtain a more or less 
complete pattern by dispensing with selected area and obtain- 
ing & spotty type of 


ring differently 


oriented particles? However, the crystallographic relationship 


pattern from many 
of the shape of the particle would then not be obtained. 

Thirdly, the correlation of the growth of the Fe,C in pearlite 
with the orthorhombic structure of the Fe.C suggests that 
there may be an orientation relationship between the ferrite 
and the pearlitic carbide. This is supported by the obvious 


crystallographic shapes of extracted combs of pearlitic car 
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there are some points I should like to raise ' 


bide, and certain results on the plastic deformation of pearlite 
which we have observed. Would the authors care to comment 
on this? 

The authors of the paper on the M,X type phases have said 
that they can form as a precipitating phase and cause harden- 
ing. I should like to present an example of M,X occurring in 
this way. In a plain 12%,Cr steel the first alloy carbide to form 
is Cr,C,, and this is associated with retarded softening during 
tempering in the range 450-500°C. Above 500°C rapid growth 
of the Cr,C, occurs together with the formation of M,,C,, and 
this results in a marked decrease in hardness. If the N content 
is high, however, evidence of M,X can be observed in the 
electron diffraction patterns. The particle size is very small 
and the retarded softening is accentuated so that the steel 
even shows some secondary hardening. In plain 12°,Cr steels 
much of the Cr,C, forms by separate nucleation as also does 
the M,X when the N content is slightly increased 

If the Cr content is increased to 17% and the steel is balance 
ed by 4°%Ni (which has little effect on the tempering reac 
tions), Cr,C, is not observed, and even at low N contents M,X 
is observed to precipitate in the range 400-500°C, and overage 
ing together with the formation of M,,C, occurs at high 
temperatures 

The M,X phase must be Cr,X because Cr is the only carbide- 
forming element present. Because there is very much more C 
than N, the phase is predominantly carbide, i.e. Cr,C. Now 
Cr,C, is slightly richer in Cr than Cr,C, but under conditions 
which tend to stabilize the hexagonal M,X structure, i.e. the 
presence of N or various alloying elements, it appears that a 
secondary hardening alloy carbide based on Cr,C can precipi 
tate by separate nucleation in the temperature range 400 
500°C and overageing occurs at higher temperatures, with 
finally the formation of M,,C,. This M,X precipitate can cause 
considerable secondary hardening and its occurrence based on 
Cr.C is not altogether unreasonable, because in the periodic 
table Cr lies vertically above Mo and W (i.e. in the same 
group), which both form stable hexagonal M,C carbides while 
Cr forms Cr,C, which is of hexagonal type. Therefore it is not: 
surprising that the presence of N or Mo or other alloying 
elements can stabilize the M,X structure, based on Cr,( 

The addition of Mo and V to 12° Cr steels can cause M,X to 
form to the complete exclusion of Cr,C,, and because the 
M,X can vary so widely in composition, it is stable over a very 
wide range of temperature and therefore causes a marked 
increase in tempering resistance. At the lowest tempering 
temperature (350°C) at which we have observed M,X it is 
presumably based on (Fe.Cr),C. It forms by separate nuclea- 
tion and the pre-existing Fe,C redissolves. Increasing the 
tempering temperature causes the M,X to alter composition 
and in Mo and V steels it contains appreciably more Mo and V. 
This increases the secondary hardening and also causes the 
hardness. even after overageing, to be considerably higher 
because the alloy elements stabilize the M,X to higher tem- 
peratures, which tends to keep the particle size small at any 
given tempering temperature. However, the maximum second 
ary hardening still occurs in the range 500-550°C which 
indicates that the M,X, although containing some alloying 
elements in solution, is still based on Cr,C. If it had been based 
on Mo,C, the temperature of maximum ageing would have 
been 600°C. 

During its formation the M,X behaves very similarly to 
Mo,C. The electron diffraction patterns show very broad lines 
indicating a small particle size, and the (00-2) reflections are 
until a 
temperature of 600°C. This evidence clearly indicates that the 
M,X initially forms as thin plates parallel to the basal plane of 
the hexagonal lattice and that the growth perpendicular to the 


missing until a very late stage during tempering, i.e. 


basal plane is much slower than in other directions. This mode 

of formation is similar to that of Mo,C in low-alloy steels. 
Line-broadening measurements on the electron diffraction 

patterns can be made during the early stages of precipitation 


and from these the particle size and shape can be assessed 





Such measurements show that at MMaXIUNUIh secondary 


hardening at 450—500°C the particle is a small plate parallel to 
\ in dia. 


thickness normal to the 


the basal plane of the hexagonal carbide lattice, 25 
and roughly circular in shape. Its 
basal plane is 10-15 A 

During tempering it grows very slowly until after tempering 
at 600°C it is 60 A in diameter and 30 A thick, and the (00-2) 
reflection is present in the diffraction pattern. This still small 
size 18 In agreement with the electron microstructures, and is 
the reason why even when overaged the hardness is very much 
higher than in a plain 12°,Cr steel. This information therefore 
is supplementary to that given by the authors of the paper on 
M,X phases, and places the M,X in perspective as a member 
of the series of phases which act as secondary hardening pre 
‘ipitates in tempered steels 


Dr H. J. Goldschmidt (The BSA 


Birmingham): The paper by Drs 


Group Research Centre 


Andrews and Hughes has 
brought into focus many important points concerning alloy 
steel constitutions. First I shall ask some factual questions on 
specific points in the paper, and then make a few more general 
»bservations 


Table TI, 


hexagonal phase in the steels mentioned, relative to that of 


Referring t« what roughly is the amount of 


mnatrix? Is it of the order of 1% or of 10°, and does the phase in 
fact occur in such amounts as to be visible the steel 
block 


before extraction, either by 


micro 


extraction always necessary to reveal it? 


An analysis of the residues as distinct from that of the bulk 
steels in Table LI] would have been interesting, at least in one 
es where the hexagonal phase predominates 
hese hexagonal phases are very important because of their 
structure relation to the cubs and to th 


carbides, * austenitK 


w ferritic matrix phases. In many ways they can be regarded 


as a hybrid condition between face-centred cubic austenite 
and the true MX carbide; in this sense, the hexagonal sym 
metry 1s adopted only as a transitional compromise in an 
endeavour to maintain close-packing 

The possibility of stacking fault formation should be con 
This give, 


fluctuating lattice-regions of cubic and hexagonal type layer 


sidered would within a single parent crystal, 


repeat, depending on local segregation of interstitial atoms o1 
of vacancies. It is arguable where the boundary hes here 
between ‘matrix’ and ‘carbide’, and the term ‘hybrid carbide 
might be appropriate; one might even call it a ‘matride’, 


which might be defined as an interstitial phase, which can 


form through coherent precipitation from the matrix with 


little, if any, composition change, but with such change in 
lattice symmetry as would favour potential further solid solu 
tion of interstitial atoms, towards a carbide or nitride. This is 
not necessarily restricted to hexagonal phases. We have in fact 
observed a carbon-supersaturated austenite, which is already 
very much akin to a carbide; though cubic, it differs in com 
position only little from the hexagonal M,X. 

What is the authors’ M.X 
composition in defect lattice formation? Could it not be still 


metal-richer, 


evidence for being the end 


with known 
austenite compositions? Alternatively the significance of M,X 


so as to overlap quite widely 
might be that it marks the approximate saturation limit of the 
austenite for (C+ N) in these steels 

This raises another point. Is it not conceivable that in the 
actual bulk steel the hexagonal carbide might sometimes not 
exist, but could be created by the electrolytic extraction pro- 
cess? Conceivably the difference in free energy is so little that 
extraction would have a critical influence, and a slight prefer 
ential leaching out of one or the other element from the matrix 
leaves interstitially loaded regions, which could switch into 
the hexagonal form. This is a possibility that might be investi 
gated, and gives some point to my earlier question 

The transition cubic—hexagonal close-packed is not confined 
to interstitial alloys but also occurs in pure metals. The case of 
‘obalt comes immediately to mind, and this element 
being next on the right to iron in the periodic table in Group 
VIII, one that the addition of 


with 


might well say interstitial 
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carbon or nitrogen to iron-base austenite renders this in fact 


more ‘cobalt-like’, electronically and structurally, by supply 
ing the d-shell of the iron atom with the extra electron needed 
to produce the cobalt configuration. In this sense, the cubi 
austenite and the hexagonal M,.X phases are in fact in a rela 
This link 


with cobalt makes stacking fault formation in the austenitic 


tion quite analogous to cubic and hexagonal cobalt 


matrix and in the derived carbides all the more likely 


It is also extremely interesting here to note the 
Wooster’ that 


little nitrogen in solution show an 


recent 


discovery by Sandor and vanadium single 


crystals containing very 
effect upon Laue spots which can be explained by the forma 
tion of a hexagonal phase. Although in this case it is formed 
from the body-centred cube, the phenomenon becomes very 
significant if we also consider ferrite, as we must. There is no 
time to enlarge on this now, but I should just like to make the 
point that, first, the stabilization of the hexagonal structure 


by interstitials is a basic occurrence of wider scope 


, since a hexagonal vanadium naturally brings one to 


much 
Secondly 
titanium, one might ask rather provocatively whether even in 
pure titanium the bec/hexagonal allotropy perhaps occurs 
only through the presence of minute traces of interstitials and 
whether in their absolute absence the hexagonal a-Ti form 


might not be stable? 


Dr K. W. Andrews (United Steel Companies Ltd), in reply: 
With in Table IIL1, there is an 
acknowledged weakness in A fully 


some 


regard to the amounts of phases 
yur experumnental mett ods 
unalysis are to 


representative residue and complet« 


extent incompatible If one re juires an adequate amount ot 


residue for analysis then one is likely to lose the finer particles. 
We prefer at present to get all the particles we can and to fill in 


used here. We 


have tried to develop a method for the analysis of such residues 


the gap with correlations of the kind we have 


and we shall be talking about that this afternoon 
I had considered Dr Gol 


phase 


schmidt’s notion that hexagonal 
are hybrid. This has not been properly appreciated, but 
in a German paper on the precipitation of e-carbide [I have 
noticed that the hexagonal lattice could be regarded as being 
about half-way between the two cubie phases in the mode of 
transformation suggested. There are different ways of looking 


at the same transformations. He also mentioned the possi 


bility of lack of definition between carbide particle and 


matrix, and we are bearing this in mind. There are times 
when one cannot certainly differentiate the matrix from the 
carbide, and this is a valid point. When there are very fine 
particles coherent with the matrix it is problematical where 
one leaves off and the other begins 

Dr Goldschmidt asked about the evidence of the M,X end 
composition. If one looks at the diagrams, M,X often seems to be 
one limit and some diagrams show the phase stable as far as 
M,X. More often, however, they are stable at M,X but do not 
extend down to M,X. 

He also asked whether M,X could be created by the extrac 
tion process. It would be very interesting if it could, and I 
agree it would be worth investigating. In our own work, we are 
convinced that these carbides are there in the solid steel 
Mo,C and other M,X phases have often been seen under the 
optical or electron microscope, for example. 

It was suggested that one was rendering iron more cobalt 
like by adding C or N. I have heard it said that iron has narrow- 
ly escaped being hexagonal. This is a view supported by theo- 
retical calculation. There may well be some truth in these 
suggestions but I think that by adding interstitial atoms the 
conditions are altered considerably. Placing atoms in inter 
stitial instead of substitutional positions alters the electronic 


distribution and adds lattice strain energy, 


thus altering con 
siderably the circumstances which might favour one phase or 
another. We briefly examined some of these theoretical inter 
pretations but we felt that we could say nothing new beyond 
what has already been said in other papers on the MX phases 
We are not certain about some of these interpretations and 
how far we should take them. 
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TABLE 1 Carbides in annealed and hardened specimens 





Carbides in the aled steel 
Wt , of 


total ( 


steel ( 


Chemical analysis, are 
urbide t 


arbide type and amount of total and amoun 


M,¢ 





M,f 
Mi 

M,¢ 

Mf 


80°, M,,,.¢ 


2305 + Myf 


Loo 


Hardene 
MC(1L0 Harden 
Harce 

Harden 
Hardenes 
Hardene 
Harden 
Hardenes 


SO 
(10° 





appeared only very faintly, close to the 
The 


rtainty 


limit of X-ray detec 


witl 


wk of Sandor and Wooster and was 
hexagonal V.N precipitate 
Dr Goldschmidt’s ce 
was assumed to be M U, \t 
procedure for separation of carbides put forward by 
oY 


Subse 


| was interested in the we 


gratified that they found a tion. chromium-rich phase was 


Trine 


present 
and 


aware 


in all four steels in the 


the time, lw 


instead of the eubic ones in the cubic lattice annealed state 


final point about titanium ts also most In the future is not 
the 


to find them 


Intriguing 
fact that 


ought 


note of the 


Popova 
was based unsoundly only 
in i i 


hack 


we shall take even more hexagonal 


lattices are so close the cubic that we and the identification of the 


more often than we on one or two faint lines quently, going over a 


stock of extracted carbides and using the Popova technique, I 
iled 18—4—1 steel 


have been able to contirm that in I 
are both definitels present in small quantities 


M. C, and M,( 
In the other three steels only Myf 


Dr S. G. Cope (Consett Lron | 


the different 


Some years ago I investigated my anne 


is—4-—1, 


using, among other 


four steels, 
.% 


electrolytic 


carbides in 
1-2, 


tec hniques, 


high speed 
vanadium steels, 


extraction, xX 


bo and two appears 
" 


worked very well in the 


and 6-5-4 2 steel, 


removal of 


where M 


ray eXamuination, The P pova proce dure 
M,C and, in the Is-4-1 


only phase, 


chemical analysis, and hardness determinations similar to those ease of 


as a this latter carbide also ts 
the high 
where MC appears as a major phase, very little solution of this 
carbide takes place although M,¢ The 


of MC in these cases makes posi 


described in the paper by Malkiewicz et a/. I also made partic appears minor 


ular use of differential etching. The methods used were in gene removed; but in case of the two vanadium steels 


Blickwede and Cohen.® I concentrated 
the 


ral similar to those of 


mainly on tempered structures using annealed and is dissolved completely 


quenched structures only as a background, because Kayser presence of a large quantity 


tive identification of the minor chromium-rich phases rather 
difficult in spite of the removal of M,C 


and Cohen® had just reported « omprehensive investigations on 


carbides in many high-speed steels in the annealed state and 


after various times and ternperatures of hardening, and seemed Since in most cases only one hardening temperature was 


to have covered this field well used, L have no coverage of the effect of variation of austen 


My aim was to study 


the carbides precipitating during 
tempering by means of X-ray examination of extracted car 
rhe metallo 


approach was unsuitable for the detection of early 


bides and by differential etching of treated steels 
graphi 
stage precipitation, but in the late stages of tempering, when 
the annealed structure is being approached, the appearance of 
new carbides and their pattern of growth can be detected 
This the 


annealed structure itself and accordingly some of my findings 


metallographically has some relative to 


interest 
in the late stages of tempering as well as in the annealed and 
as-hardened state are now presented 

Fable | shows the analyses of the high-speed steels used and 
the concerning carbides in the annealed and 


main findings 


quenched conditions. The percentages of total carbide shown 


represent the mixe d carbides recovered by electrolytic extrac 
The different 
based on X-ray 

Of the minor phase 


tion estimated percentage nf the carbides are 


indications 
the rie} 


steel 


. the vanadium 


4-2 steel. In 18-4-1 


presence ot M¢ 


carbide s quite definite in the 6-5 


TABLE 2 Carbides in tempered structures (X-ray results 


itizing conditions such as have been presented by Malkiewicz 


Bojarski, and Foryst. However, in preliminary work, three 
different hardening temperatures were used for two of the 
The effects of these Table 1. The 


temperatures employed was small and the effect is shown only 


steels are shown in range of 
by a difference in the total quantity of carbide remaining un 

dissolved. None of the chromium-rich carbides appears in any 
of the hardened specimens so it must be assumed that all had 
dissolved at a lower temperature than any employed for 
hardening 


Table 2 
extracted from steels tempered at 


carbides 


ap 


cases shown 


shows examples of the X-ray analysis of 
high 
In both 
an be seen that the first carbide to precipitate ts 
Dr 


rather loosely 


temperatures, 
proaching the annealing temperature 
one 

Andrews’ hexagonal carbide phases referred to in Table : 
as WC 
diffuse 


This is a transient phase which appe: 


alwavs only as a X-ray pattern and disappears o1 


further tempering 


The order of appearance of subsequent earbides ts diffieult 





Conditior 





As-hardenes 
Pempere 
W 
W 
W 
W 
Ml 
THO | W \ 
ROO ¢ | \l M 
M,¢ M 
M,é M 


ntain the undissolved 
iw of an existing line 
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shown in Table 2 
There 
sign in any of these steels of an intermediate appearance of any 
other than W ,¢ 
structure 


to determine with certainty, but the order 


for 1S—4-1 and 6—5—4-2 steels is fairly well defined is no 


carbide . Which does not persist in the annealed 


Blickwede and Cohen? made considerable use of selective 


etching. | employed their etchants and also tried numerous 
other etchants in an attempt to build up a metallographic 
picture of earbide precipitation and growth in the late stages 
ot tempering 

irdened 1S8—4—1 steel etched consecutively 


Figure B shows h: 


with potassium permanganate and chromic acid The carbide 
outlined is Mg¢é 


is present 


etched by the permanganate; no other carbide 

Figure C shows 14—4-—4 steel etched in the Here 
the M,C is seen etched by permanganate with an interference 
film while the M¢ black 


etching with chrornie acid 


same way 


carbide is clearly differentiated by 


Metallographic indications in all quenched steels match well 
X-ray his is to be 


with examination of extracted carbides 


gt 
_e ; 


a 


>» 

tw 
oa .. 
cael \ 


eo. 


"l 
Ss) 


>. 


C 14-4-4 steel etched consecutively in KMnt ), and Cr,O, 
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expected since all carbides remaining undissolved are rela 


tively large 
In the case of the | 


tempered steels a co lation between 


microscopic examination and X-ray examination carbide was 


not possible. The first appearance of a new phase precipitating 
during tempering in all four steels was concentrated at grain 
boundaries and around existing coarse ¢ arbides. It showed the 


etching characteristics of MC, i.e. it was shown up by chromic 


acid but not by not offer any 
of this because there 
extracted carbides. In papers 
has been claimed that M,C is a 


permanganate. I do explanation 


of M¢ 
hardening it 


was no obvious appearance in the 


about secondary 
main cause of ation 
All-over fine 
ed as ameans of bringing about second 


that in 


prec ipit 
hardening in high-speed steels precipitation of 


MC hasalso been suggest 


ary hardening, and electron microscope studies show 
certain cases this all-over precipitation appearing at an early 
stage changes later to a growth of particles and a concentra 
tion around the grain boundaries. Figures D—F show examples 
of this 


still shows up against the all-over precipitate of M,C 


Figure G shows how the grain boundary precipitate 


which 


has commenced at a later stage of tempering 


E 18—4-1 steel. te mpe red 50h at 700°C, etched in Cr,O, 
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: ; 
. "ae ? ‘ 
< 


‘ . . ‘ 
* erat wt 
a* ‘ 4 


of M,¢ 

the grain boundary precipitate (MC7%) is shown in Figs.H—J. 
Figure H precipitated M,C. In 

Fig J the is now 


Chis sequence is continued in Figs.A-M 


Phe appearance at a later stage of tempering than 


reveals no sign of newly 
general background precipitation of Mg 
obvious 

Figures N and O are shown as examples of the selectiveness 
of the etchants. The blank areas represent unetched MC par 
ticles. Comparison of these microstructures with similar ones 
additionally etched in chromic acid indicates that the back 
ground precipitate is entirely or almost entirely of Mg 

A disappointing feature of the selective etching was the 
failure to find direct indications of the distribution of M,,C, 
or M,C,) in spite of trials with several different etchants, such 
as oxalic acid, which give good results with carbides in stainless 
and similar steels. In annealed structures the M,C was esti 
mated by differences between full carbide etching with nital 
and combined M,C and MC etching 


mens this is not possible, because of background darkening 


In fully tempered speci 


I should be interested to hear whether the authors have any 
experience to offer in the metallographic distribution of differ 


ent carbides in the annealed structure 


18—4—1 steel. te mi pe red SOh at 


Cr,O, and KMnO, 
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44 steel. tempered 1h at 00°C’. etched as G 


I hope that it is not thought that my reference to tempered 


structures is irrelevant to the present discussion. | feel that 


they are of interest because their continuation defines the 


annealed structure. The distribution and pattern of the differ 


ent carbides in the annealed structure is of some importance 


In other work which I completed, directly comparable wit! 


that of the present paper, e.g. chemical analysis of extract and 


matrix, my results were generally in agreement with those ot 


Messrs Malkiewiez, Bojarski, and Foryst 


have done a limited amount of 


Mr G. Hoyle (BISRA): We 
work on high-speed steel carbides and I would like to raisé 


All my 


two points in connection with the paper on this subject 
remarks refer to I'8--4—I steel 


First, we confirm the authors’ views on contamination of 


the residue from electrolysis by metallic particles at hig 


current density. We were able to produce a residue that was 


completely non-magnetic at current densities of 0-02 A/em? 
Comparison of the we ight of residue from high and low current 
density extractions suggested that the metallic contamination 


accounted for about 1-2°,, of the residue 


te NL 


™ 


. 
es 
1 ol 


14-4-4 steel, te mpered Sh at 700°C. etched as G 





J 14-4-~-4 steel. te mpered 50h at 700°C, etched as G 


Blickwede 
Cohen's magnetic separation technique to purify the residues, 
but found that 
than would be expected, 
had 


a) carbide 


In our experiments we were intending to use and 


we more residue was extracted magnetically 


and a check showed that this mag 
netic portion which been discarded by Blickwede, was 
substantially 

Attempts to purify residues showed that hydrochloric acid 
of the 
successive treatments gave an appre iable loss of weight, 
discarded the 


ur tor 


certainly dissolves a substantial portion residue. Four 
and 
method as being unsuitable. 

the 
and suggested that the weight 
as the 
to 1320°¢ 


recognized theories that, 


we 


results carbide residue were rather peculiar 


fell only 


was raised 


of undissolved carbide 


from 26%, to 25° austenitizing temperature 


, a result so much in contradiction with 
although 


from 1200 


by X-rays we could not 


tind anything but y-carbide in the residues, we suspected some 
Have the 


other contamination. authors any comments to offer 
on this? 

My second point concerns the lattice parameter of q-carbide 
The discusses the lack of agreement 


paper concerning com 


K 14-4-4 steel, tem} ered 
Cr,O, and KMnO, 


th at 800°C. etched consecutively 


in 
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steel. tempered 10 h at 800° ¢ etched aa K 


position changes in y-carbide with austenitizing temperature 
ind sugyests that any such changes may be connected with the 


formation of polygonal carbides. Our results gave a constant 
value of 11-032 KX units for n-carbide in 18—4 
or quenched from 1200° or 1260°C. Samples of the same steel 
quenched from 1320°C gave 11-04 kX units. 

Our austenitizing time only 
that did not find 
the authors’ longer treatments polygonization of carbides 


reporte dat 1250°C 


| steel annealed 


45 s and this may account 


1260 ( 


was 


for the fact we any change at ; with 


Was 


idea of a constant lattice 
1310°C, 


some of our 


the 


below 


On the other hand, parametet 


at lower temperatures, and a change above this 


temperature, agree with observations. It is um 


versally accepted that the attainment of equilibrium in high 


speed steel is a very lengthy operation. Figure 3 in the paper 


suggests that equilibrium might be attained in 30 min at 


1300°C. This is for a fully 
structure, with eutectic 


worked structure, and an as-cast 


networks, would not be expec ted to 
in the same 


1310 


the 


behave 
In the 
gives virtually 


way 


range 1330°C we find that a 30-min treatment 


same microstructure with polygonal cai 


oS 
iv * ae" 


M 14-44 steel, fully annealed structure, etched as K 


Journal of The Iron and Steel Institute August 1960 





Discussion on carbides and nitrides 


144-4 steel, tempered 50h at 700°C, etched in KMnO, 


hides and no eutectic, irrespective of the initial condition of 
the specimen.* We believe the change in structure is due to the 
peritectic reaction, and assume that the final polygonal carbide 
structure represents true equilibrium. Can it be, then, that 
two mechanisms for solution of carbide are operative: one, at 
low temperatures, not accompanied by a change in parameter 
or composition, and one, at 1310-1330°C, with a change? 


Mr D. T. Llewellyn (United Steel Companies Ltd): Dr Andrews 
has shown that in the M,X type of crystal, the nitrides have 
high axial ratios mostly between 1-60 and 1-62, while carbides 
have axial ratios between 1-56 and 1-60. In ferritic stainless 
steels we after 


reheating at 400°C for 1 h,in the form of long needles (0-001 in.). 


have observed the precipitation of Cr,N, 


This precipitate causes a slight decrease in hardness and it is 
considered that the loss in alloying elements in solid solution 
caused by precipitation offsets any hardening effect that the 
precipitate might produce. Mr Pickering has shown that the 
M,X precipitate formed after similar heat-treatment in 12° Cr 
steels, which is probably based on carbide, produces a marked 
secondary hardening effect and is very fine, being of the order 
of 200-500 A. Could it be that the difference in axial ratios 
of carbides v. nitrides is responsible for the difference in the 
morphology of precipitation of Cr,N and M,X based on the 
carbide? 


Dr Andrews, in reply: This is quite possible and it would be 
interesting to calculate the lattice strains for the size of pre 
cipitate observed in each case. It appears, however, that there 
is coherency in one case and not in the other. We have gener- 


ally found Cr,N in the form of somewhat larger particles and 


have believed it to be rather ‘inactive’ metallurgically, i.e. 
more like an inclusion (of TiN). There are, however, condi- 
tions in which a phase of this composition or near it, can pre- 
cipitate from a matrix, but it appears that even in this case 
there is no appreciable hardening. It is doubtful whether the 
axial ratio difference alone could account for the difference in 
the effects of the two types of precipitate. Thus, one could take 
account of coherence strains and of strains due to difference in 
specific volume between matrix and precipitate. The difference 
in axial ratio is probably only incidental to these effects. 


Dr R. G. Baker (British Welding Research Association): I was 
interested in a small point in Dr Andrews’ paper in which he 
said that the M,X (hexagonal phase) can sometimes be seen 
in the early stages of formation of the MX (cubic phase), and 
I should like to suggest a possible reason why that might occur 
Taking the case of vanadium carbide in ferrite one finds that 
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the precipitate occurs as plates. The orientation relationship 
{100} ve {100$.¢ iron. 100 > v¢ 110>¥ iron 


2°, in | LOOlye and |O1LO)}ye directions, but in 


appears to be 
The misfit is about 
the [O01 ]yc direction (perpendicular to the plane of the 
the misfit is 30°, 


expected to break away from the lattice when or before the 


plate) 
As the plate continues to grow it would be 
total misfit reaches 100°,, i.e. when the plate is two or three 
layers of atoms thick 

Some of the considerable strain energy which is produced in 
both the plate and the surrounding matrix might be relieved if 
the face-centred cubic vc sheared on every third (111) plane to 
produce a hexagonal structure. | am not suggesting that this 
is in fact what would happen. One would expect rather that 
the precipitate might grow as hexagonal structure in the first 
instance if the strain energy thus relieved were greater than 
the total stacking fault energy introduced. (A hexagonal struc- 
ture may be regarded as a face-centred cubic structure with a 
stacking fault on every third plane.) When the precipitate 
became non-coherent the strain energy resulting from misfit in 
the [001] would be relieved at first and the precipitate might 
then revert to the face-centred cubic structure. 


Dr Andrews, in reply: I do not think we can claim to have found 
an M,X phase which is formed from an MX phase. Our im 
pression is that when the MX phase forms it remains stable 
whereas M,X is often transient. We need to know much more 
about the orientation relationship during precipitation and 
I think the paper by Booker, Norbury, and Rose presents one 
useful method for studying these orientations. We must bear 
in mind these points made by Dr Baker as they seem to me to 
be worth further consideration and provide a mechanism that 
may well operate in certain conditions. 


Mr Malkiewicz, in reply: I cannot fully agree with the opinion 
of Mr Pickering that the rate of solution of M,C is much greater 
in 9-4-2 steel than in 18-4-—1. Figure 11] in our paper indicates 
that 
negligible in both steels. Realizing that the solution of M,C must 


the differences in tungsten content of the matrix are 


be accounted for, the solution rate seems rather to be very 
close. This is not the case in regard to the amount of M,C in the 
steels in question, both in the annealed and quenched state. 
The separation of different carbides in the electrolytic resi- 
due is difficult. We succeeded only with the separation of the 
chromium-rich carbides, i.e. M,,C, and M,C,. The determina- 
tion of the composition of carbides in the residue from 9-4-2 
steel M,C 
184-1 steel, austenitized at high temperatures, when only 


MC is impossible, but we have analysed M,C in 


M,C is present, and have found the following figures: 





Austenitizing 
temp., “C/time, 

min W Cr Fe Cc 
1 200/20 3-67 
1300/60 3-50 
1300/120 3°49 


65-07 25-01 
24:98 2-27 


24-52 2+ 


2-28 
66°67 
66-20 


2°85 2-18 


The carbon content is considered to be too high. The residue 
colloidal 


carbon from the dissolution of the martensite, and this carbon 
is very difficult to separate. 


from electrolytic extraction is contaminated with 


The M,C carbides in the 18—4—1 steel, at high temperatures 
and with longer soaking times, are growing into few, but large, 
angular particles. Measuring their lattice parameters we have 
found that they are increasing during the first 10-20 min of 
The 


quoted differences in the chemical composition may be partly 


soaking but afterwards remain practically constant 


responsible for this change in parameter. We suppose that the 


earbides have a cored structure, because the finer particles 
are dissolved during coagulation and prec ipitated on the grow 
ing particles from a matrix saturated to about 10°,W, which 
is much Thus the outer 


layers of the growing carbide particles reflecting the X-rays 


more than at lower temperatures 
can have a higher tungsten content than the average given by 
the chemical analysis 

The 
annealed 


Fable 1, 


annealing treatment is carried out at 730° or 


differences in the chromium-rich carbides in the 


steel, relative to the figures given by Mr 


be due to the 


Cope in 
may differences in annealing. If the 
850°C different 
arbides may precipitate We have not used differential et« hing 
and have no experience with this technique 

Mr Hoyle has spoken about the polygonization of carbides 
I suggest the following explanation. At high 
there Is 


temperatures 


a strong tendency to coagulation of M,C because the 


rate of diffusion of tungsten increases appreciably. The inter 
face energy plays an important role, At temperatures in ques 
tion the matrix is near the melting point, therefore the surface 
energy of the carbide crystals may be the decisive factor for the 
angular shape of the precipitate. I think this is the approach to 
equilibrium, quoted by Mr Hoyle, without passing through the 
peritectic reaction, which can take place at higher tempera 
tures only. The angular shape of carbides results from con 
ditions of high-temperature coagulation. 
Referring to Mr the 


differences in the amount of undissolved carbide at 


Hoyle’s question about very small 


1200° and 
$5 s, 
We have found for 
differ 
ences of up to 2°, in the amount of undissolved carbides when 


1320°C, I suggest that the used austenitizing time, only 
dissolution of carbides. 


1, 10 mm 


was too short for 
samples of 18-4 in dia., soaked at 1250°% 


the austenitizing time was increased from | to 10 min. 


Mr G. R. Booker, Dr J. Norbury, and Miss A. M. Rose wrote: 
Mr Pickering enquires about finding a particular particle pre- 
viously examined when an extraction replica is transferred 
from one fixed-angle insert to another. This is facilitated by 
beginning each examination at a low magnification of about 

75 obtained by withdrawing the contrast aperture, switch 


Discussion on controlled transformation 


This discussion was based on the following paper (date of 
publication in the Journal is given in parenthesis): 
‘Controlied-transformation stainless steels’, by A.J. Jrvine. D. 
T. Llewellyn, and F. B. Pickering (1959,192, July, 218-238). 
Dr K. J. Irvine, who presented the paper, said it had a bearing 
on the discussion which had taken place in the discussion on 
carbides and nitrides on how research work should be tackled. 
The authors had had to leave many interesting facets of the 
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TABLE 3 Spacing of atoms in the cementite and austenite 
crystal lattices 





Cementite 
direction Spacing Al 


Spacing AU 
100 4-51 4-4] 

O10 

O01) 6-72 


5-08 





ing off the objective lens and focusing with the first projector 
lens. The portion of the particular grid opening containing the 
particle of interest can then be readily 
The magnification is 
focused and the 


magnification is then in 


moved to the centre of 


the imaging screen then re-set to about 


1000, the image area of interest again 


centred. The reased to, say, 10000, 
the image focused and the parti le of 
The 


from the 


interest located and 
slightly different dis 


than when observed in the pre 


centred parti le is generally at a 


tance objective ler 


vious insert. Consequent] the setting of the lens 


different 
10000 magnification, and the 


} ti 
objective 


current in the two instances is slightly for the two 
the final 


electron diffraction calibration constants are slightly different. 


focused images at 
The former has little significance, but the latter should be taken 
into account, possibly by the method described in the paper, 
when accurate results are required. 

The possibility suggested by Mr Pickering that additional 
useful information might be obtained by dispensing with 
selected-area electron diffraction and obtaining a spotty ring 
type of pattern from many differently oriented particles has 
been confirmed in practice. This mode of examination has been 


performed either by slowly scanning the extraction replica 
over small distances during the electron diffraction exposure, 
as described in the paper, or by using selected-area diffraction 
with a relatively large limiting aperture. Both these methods 
have enabled strong diffraction rings to be recorded from par 
ticles in tilted extraction replicas when the rings were absent 
or weak in patterns similarly obtained from untilted replicas. 

Mr Pickering’s suggestion that pearlitic carbides may grow 
in the matrix in a Widmanstétten manner is in accord with our 
Attempts to find 
Fe,C 
unsuccessful, but such a relationship has been found between 


the Fe,C€ lattice and Table 3). The 


small atom misfits occurring in the 010 \c directions 


views, a simple 


lattice 


relationship between the 


orthorhombic and the ferrite lattice have been 


the austenite lattice (see 
L00\c¢ and 
would favour the formation of plate-like particles with the 
OOl|c direction perpendicular to the plane of the plate, in 
The 


cance of these observations has yet to be evaluated. 
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work for later explanation but felt that they had the broad 
picture which enabled them to carry on with the development 
Had they dealt 
round they would still be doing the preliminary work and no 
steel would have resulted from it 


of the steels. with the matter the other way 


Mr J. I. Morley (Firth—Vickers Stainless Steels Ltd) 


vears ago there were metallurgists whoconfessed to being puzzled 


Not many 
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%o 
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Results of 104 transverse tensile tests (15 casts) representing 
21 cotls 24-36 in. wide, austenitic strip 0:020-0-080 in. 
thick 


by variations in yield strength of the simple 18/8 titanium 
steels from another. reluctant to 
attribute these differences to slight differences in composition, 
for example the difference between 18%Cr and 8°%Ni on the 
one hand and 17$%Cr and 74%Ni on the other. At this time a 
great deal of work was done on the effects of adding other 
elements to 18/8 steel, but steels such as those which have been 


one cast to Some were 


so well studied and described by the present authors were 
regarded as belonging to a sort of no-man’s-land of instability. 

We must, I think, acknowledge the pioneer work done in 
the USA in opening up this field. A US paper on the subject 
was published in 1931 and before 1950 we were beginning to 
read in US trade journals and patent literature of basic 
compositions such as 17%Cr-4°,Ni, with a martensitic type of 
structure, and 17% Cr-7°,Ni, with an unstable austenitic 
structure, and with the addition of precipitation-hardening 
elements such as copper and aluminium. As sources of tech- 
nical information these references left much to be desired. 
Progress with the development and use of these so-called pre 
cipitation-hardening steels has gone on uninterruptedly in the 
USA ever since 1950. The authors have entered this field of 
investigation somewhat late but, so far as I know, there is not 
a single paper in US literature dealing with the metallography 
and the specific effects of composition so fully as is done in 
this paper 

[ commend the use of the term ‘controlled-transformation 
steels’. These steels have been called by other names, such as 


‘quasi-martensitic steels’, ‘semi-austenitic steels’, and so on, 


but such names do not recognize their most important single 


characteristic, that of having the transformation temperature 
just a little below room temperature. 

Some understanding of the metallurgical characteristics of 
these materials by the user is essential. | wish the authors 
could have gone a little further in this direction and told us of 
the harmful effects of carburizing and nitriding during heat 
treatment cycles, which can result in incomplete response to 
the hardening heat-treatment 

Moreover, solution treatment temperature is more import 
ant than appears to be shown in the paper; the authors 
demonstrate that it is possible to widen the range of compo 
sition over which an acceptable degree of martensitic trans 
formation, and therefore hardening, is obtained by the use of a 
lower than usual solution treatment temperature. The con 
verse is also true. High solution treatment temperature or pro 
longed soaking at above 1100°C can increase the stability of 
the austenite by dissolving more carbide and render some of 
the borderline compositions more difficult to transform. In 
such cases it may be necessary to prolong the treatment at 
700°C to overcome the sluggish carbide precipitation resulting 
from grain growth and more complete solution. In general it is 
easier to obtain very high strength properties by heat-treat 
ment of cold-rolled sheet and strip than it is in the case of 
heavy sections, the greater reduction from ingot to the sheet 
and strip serving to diminish the effects of microsegregation. 


Fortunately controlled transformation steels have only a 
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Test pieces os above 
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Tons/in? 


Results of 31 transverse tensile tests (8 casts) representing 12 
coils 24—36 in. wide, martensitic strip 0-035-0-080 in. thick 


limited application for heavy sections as there is generally no 
point in having a temporary austenitic condition, except for 
cold forming of thin sections. For bars, castings, and forgings 
a slight modification has been introduced of the controlled 
transformation steel known as 520(B) this being ‘permanently’ 
martensitic yet having the benefit of very low C content. 

Figure P shows the results of routine tests on wide coils 
representing about 50 tons of sheet and strip in a steel 520(S) 
with 0-059 OC, 16° Cr, 5°,Ni, 2°4Cu, 2°4Mo developed by my 
own company between 1953-56. Referring to this steel in their 
paper, I notice that the authors have inadvertently omitted 
the copper content. The composition of the steel is very 
similar to one of those recommended in the paper, which is 
perhaps not surprising as the development followed very 
similar lines. 

Although sheets of this steel supplied in the air-cooled 
1050°C condition are very readily formed, precautions must be 
taken to avoid dimensional inaccuracies as a result of a vol 
ume change during the subsequent 750°C air-cooling treat 
ment. We have developed a modified heat-treatment which will 
allow this volume change to be taken up on the strip produc 
tion line, yet sheets hardened in this manner can be stretch 
flattened and some mild forming operations may be carried 
out. Figure Q gives the results of tests on cold-rolled strip, 
softened in this way for | min at 830°C on the production line 
Almost complete recrystallization is achieved. 

The materials transform during cooling under tension on the 
production line giving 0-1°, proof stress of about 35 tons/in? 
The resultant sheets may be hardened to give a much higher 
proof stress by means of a simple 550°C treatment after 
stretching or forming. After stretching 1° at room tempera 
ture followed by treatment at 550°C for about 30 min, a min.- 
mum 0-1% proof stress of 60 tons/in* is obtained. Thus it is 
possible to produce flat stainless steel sheets of 70 tons/in# 
tensile strength, free from the directional properties usually 
associated with steels cold rolled to high tensile strength 


Dr A. R. Entwisle (Sheffield University): I should like first to 
ask how the authors measure their Mg. In these martensiti 
transformations, where the transformation only gradually 
starts as the temperature is lowered, the Mg will be sensitive to 
the way in which it is defined, whether 1°, or 0-5% is decided 
upon. What criterion do the authors use? I suggest that for 
these steels it may be of some advantage to define Mg in rather 
a different way from the conventional one. What is of interest 
is the bulk of the transformation, i.e. in the transformation on 
the more linear part of the curve (Fig.1). It might be more 
useful to define Ms by the temperature at 20, 30, or 40%, trans 
formation, or to extrapolate this linear region back to 0% 
martensite and get the M, in that way. 

\ further point is that with rather lower alloy steels the 
transformation curves are of this type, and the curved region 
near M, is somewhat sensitive to heat-treatment variables. If 
the criterion for Mg is, say, 0-1°% or 1% transformation, there 
may be some variations for this reason. 

I am glad that the authors bring out the point that there is 





no one magic number for an alloying element in its effect on 
Ms, but I was surprised by their curve for tungsten (Fig.12) 
and would welcome their further comments. Most of their 
results show a fairly general trend (linear or not departing 
much from it), but the curve for tungsten is very surprising 
and I wonder whether there may be some complication of the 
kind to which I have referred, coming in there. 

Some work has been done at Sheffield University on the 
factors affecting the slope of the curve in the linear range 
(between about 10% and 60°, transformation) and it has been 
found that it is somewhat sensitive to composition, but not 
very sensitive, and in the range of composition studied in this 
paper we should not expect much effect. There is one point, 
however, which should be mentioned here. Is there any evi- 
dence for isothermal transformation in these alloys? Was there 
any sensitivity of the amount of transformation to the cooling 
rates? This could be of some practical interest, and it might be 
better to cool slowly to 70°C, rather than put the steel 
straight into the refrigerator. 

The authors refer to the effect of cobalt on M, and savy that it 
depresses it. Can they give a figure for this? 

In Fig.13(hk) the hardness for the cobalt-containing steels 
seems to be low in all cases. The 0° cobalt hardness is lower 
than in the case of the other steels by 30-40 points. Has there 
been a slight error in plotting or is there anything significant 
about this? 


Professor T. Malkiewicz (Ferrous Metallurgy Research Insti 
tute, Gliwice, Poland): In the work done at our Institute we 
have found a clear dependence of the Ms point on the grain 
size for Mn and Ni austenitic steels. With coarse grain this 
temperature was rather higher. Have the authors made a 


similar observation’ 


Mr M. C. T. Bystram (Murex Welding Processes Ltd): It is 
likely that some of the controlled transformation compositions 
will improve the weldability (cracking tendencies) of the 
martensitic stainless steels, which may be an important aspect 
of utilization for all types of applications. What are the 
present for the controlled-trans 


formation steels and would some of them maintain their high 


applications envisaged at 


mechanical proportions in prolonged service at temperatures 
of the order of 400°C? 


Written contribution 
Mr K. C. Thomas (Jones and Laughlin Steel ¢ ‘orporation): The 


idea of transformation steels goes back many vears; in fact, a 
French patent was issued in 1920! for the superficial hardening 
of austenitic steels by rapid cooling. In 1931, Luerssen and 
Greene? discussed the possibility of obtaining forced-trans 
formation steels by modifying an 18/8 composition and report 
ed some work done in this respect on 0-1-0-18°,C-17%Cr 
4-99 Ni, 0-059 C-25°Ni-4%Mo, and 0-05%C-25%Ni 
0-4°.Si allovs. It was shown that 0-19, C-17%Cr-—-5 % Ni 
composition had the characteristics of a forced transformation 
steel, with a tensile strength of 208000/in? and an elongation 
value of 19-8°%, after sub-zero cooling and tempering at 400°C 
It appears that this remained only of academic interest until 
the 1950’s when steels of this type became available com 
mercially. At the present time such i.e. 17/7PH, 
PH15/7Mo, AM350, and AM355 are used extensively in the 


Us 


steels, 


The authors state that the M.-Mr temperature range in the 
Cr—-Ni-Mo and Cr—Ni~-Mn steels is about 140°C. As pointed out 
in the paper the magnitude of this interval will have an effect 
on the extent of the transformation on sub-zero cooling. It 
would, therefore, be interesting to know whether variation in 
the alloy elements affects the extent of this temperature range 
in the 17/4 base 

The existing relating M, 
temperature and composition, show the Ms temperature to be 
linearly dependent on composition. The results reported for 
Cu, W, Cr, The 


mathematical expressions*+4 


and possibly Mo do not substantiate this 


results for W and Cu are interesting as they indicate that up to 
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2% of either of these elements can be added without much 
depression of the M, temperature. The paper also stated that 
all alloy elements are capable of depressing the Ms tempera 
ture. However, Co and Al are believed to be capable of raising 
the M, temperature when added to 0-2% 
case of the 17/7 


, carbon steels.® In the 
ase it is known that Al raises the M, tem- 
perature; the presence of about 1-2°,Al, in addition to harden 
ing the martensite on subsequent tempering, allows the 
17/7PH austenite to transform to martensite on cooling from 
100°K 

The authors calculated the change in Ms temperature for 
varying Al contents from Fig.13(f) which relates 


after varying treatments to the Al content 


room temperature to 


hardness 
In Fig.1] it will be 
noted that the amount of 6 ferrite increases rapidly 
increase in Al content; at 1°, Al about 35° 
It would be of interest, 


with 

> 5 ferrite is present 

therefore, to know what the effect of 
Al on the M, temperature is for fully austenitic structures 

In the case of steels for commercial use, a certain amount of 

5 ferrite is desirable, up to about 20°, so that a certain 

It will 


be noted from the microstructures (Fig.6) that the austenite 


amount of grain refinement of the austenite is achieved 


to martensite change is initiated at grain boundaries leaving 
patches of untransformed austenite within the grains. We 
12°. Cr—-6°, Ni foreed 
transformation steel; microhardness measurements confirming 


have noted a similar effect. in a 0-3°..C 
the presence of austenite and martensite. If the grain size is 
decreased in a given composition, then on sub-zero cooling the 
transformation will be more complete since there will be a 
larger number of grain boundaries at which transformation 
may take place 

It would be interesting to know the nitrogen levels en 
countered in the steels. Ni, being a powerful Ms temperature 
depressor, has an important effect on the amount of trans 
formation on sub-zero cooling 

In the 17/7PH steel the austenite to martensite change 1s 
time-dependent and the recommended refrigeration treatment 
is 8h at 100°F.® A similar effect, as determined by hardness 
0-3%C-15 5° Ni 


Do the authors consider a sub-zero 


measurements, has been noted in a 
forced-transformation steel 
treatment of 2 h sufficient to fully transform the austenite to 
martensite in their steels? 

The forced-transformation steels undoubtedly represent a 
mayor contribution in the high-strength stainless steel area. At 
present they are comparatively costly to produce and very 
close control has to be kept on the composition and heat 
treatment. This is particularly true if a sub-zero treatment is 
used to transform the austenite. It is likely, however, that less 


variability in properties may occur if primary tempering is 


used to effect transformation 


Authors’ replies 


Dr K. J. Irvine, replying on behalf of his co-authors: I agree 
with Mr Morley about the difficulties likely to be encountered 
in processing these controlled-transformation stainless steels 
owing tothe pick-up of carbon and nitrogen. This is particularly 
important when dealing with thin strip or fine wire, since the 
properties of these steels make them attractive for springs It 
is possible to increase the surface and 
nitrogen sufficiently to destroy the controlled transformation, 
so that 


content of carbon 


considerable care has to be exerted during heat 


treatment. Excellent metallurgical work has been carried out 
by the users who, in dealing with this new type of steel, have 
experienced many production difficulties which have all been 
successfully necessary for them to 


overcome. It has been 


understand the complete metallurgical background before 
they could explain what was happening, and alter conditions 
so that satisfactory properties could be obtained 

Mr Morley mentioned the effect of high solt 


temperatures. For the majority of steels described in the paper 


ition treatment 
1050°C is sufficient to dissolve the alloy carbides. However, if 
strong carbide-forming elements such as niobium or titanium 
are used then it is nece ssary to use higher solution treatment 
temperatures. Reference is also made to the development of 
modified compositions which in fact transform on cooling to 
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@ martensitic structure. It that these 


steels will find successful commercial application because they 


seems quite certaim 


do combine high strength, good impact, and satisfactory 
corrosion resistance. 

In reply to Dr Entwisle, we were mainly interested in the 
temperature at which the majority of the structure had trans 
formed to martensite and also the temperature at which more 
than 95°, had transformed to martensite. It was found that a 
satisfactory estimate of the major transformation to marten- 
site by because the 


400 DPN, while 


the essentially complete martensite transformation could be 


hardness determinations could be got 
0-08°C martensite has a hardness of about 
assessed by a tensile test since it is only with complete mar- 
tensite transformation that high proof-stress values are obtain- 
ed. The effect obtained with tungsten was unexpected but 
will be 
explain this. We did obtain an estimate of the effect of cob- 
alt in depressing the 


has been reproduced; further work necessary to 


M.. and over the range of cobalt cont- 
ents studied, the effect was that 
about LOC, 


1° Co depressed the Mg by 
There was nothing unusual about the hardness 
values of these martensitic structures containing cobalt. On 
looking again at Fig.13(h) it would appear that this diagram 
has been misplaced by one division on the graph in setting 
up the block so that the hardness values are in fact, 50 DPN 
low. The average hardness for these cobalt was 420 


DPN. 


There were several questions concerning the effect of coarse 


steels 


grain size on the M,. The range of solution temperatures used 


in this work was not very large and was, in general, 950 
1150°C. Over this range there was not much variation in grain 
size and no apparent effect on the Mg. 

Mr Bystram asked about high-temperature properties of 
these steels. It should be realized that the alloy contents of the 
of these steels were designed to give a particular 


combination of structure and Mg. The properties of the steels 


majority 


were thus of termpered martensite. There is, of course, a large 


amount of background information on the ways in which 
tempering resistance, and hence high-temperature properties, 
can be increased and, of course, it is possible to modify these 
steels in the same way. Increased additions of Co, Mo, and W, 
for instance, improve these properties It is necessary, how 
ever, to modify the base composition so that the controlled- 


transformation characteristics can be maintained 


The written contribution from Mr Thomas contained some 
interesting information, and by the reference to earlier work it 
showed the difference between laboratory work and developing 
a successful commercial steel. There is a question about the 
effect of alloying elements on the martensite transformation 
range. As stated in the paper this range is about 140°C and the 
element which affects this range the most is nickel. Increasing 
nickel contents considerably lengthen the temperature range 
for the last 10% of martensite transformation. It is difficult to 
assess this effect exactly because of the difficulty of measuring 
the Mr. However, it does not appear that other alloying 
elements have such a marked effect. It should be remembered 
that there is a possibility of local segregation and also the: 
complication of alloy differences between austenite and delta 
ferrite, which can exaggerate this effect. The evidence is that 
cobalt and aluminium depress the Ms temperature and it is 
considered that if the reverse appears to be the case with an 
element like Al, then it may simply be due to the fact that the 
combination with effective 
content. It should be emphasized that the steels used in this 
work were all low-nitrogen steels. The content aimed for was 


nitrogen reduces the nitrogen 


0-02°, and the steelmaking was carefully supervised to ensure 
that this level was obtained. When making small ingots this 
does require careful control both with regard to the ferro- 
chromium used, and the necessity to heats in 


skull 


make wash 


between each cast. Otherwise the high-chromium 
remaining picked up a large amount of nitrogen. 

In these low-carbon steels there has been little evidence of 
isothermal transformation of martensite, and consequently it 
that 2 h at the was 
sufticient. No further increase was obtained with considerably 


extended refrigeration times 


was found refrigeration temperature 
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‘Ferrous Metallurgical 


Joint discussion on fuming in steelmaking furnaces 


This discussion was based on the following papers (dates of 
publicat ion in the Journal are given in parenthesis) 


‘Fumes from the acid open-hearth process’, by Hi 
and M. W. Thring (1959, 193, 216-221) 

‘Preliminary studies on the evolution of fumes from iron at 
high temperatures’, by . 7. Turkdogan and L. E. Leake 
(1959, 192, 162-170) 

‘Factors affecting fuming in open-hearth furnaces’, | 
C. Holden (1959, 193, 93-102) 

‘Prevention of brown ferric oxide fumes by steam blowing’, 
by H. Kosmider, H. Neuhaus, and P. BE. Hardt (1959, 193, 
6-11) 

‘Some factors affecting fume evolution from molten steel 
during oxygen injection’, by A. Anaggs and J. M. Slater 
(1959, 193, 211-216 


Strauss 


Professor M. W. Thring (University of Sheffield), in presenting 
the paper by himself and Mr W. 


Strauss, said: The present 
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type of OH furnace, from the point of view of furning, is un 
satisfactory. It has a slag pocket which, with luck, may re- 
move some coarse material, regenerators which may take out 
a little more and generally block up in so doing, and finally, 
again with luck, there is some kind of filter attached at the 
end. We felt that the OH furnace was not really designed for 
dealing with oxygen-blowing processes and that we had better 
consider how this could be remedied. We decided to combine 
the regenerative system for air pre-heat with fume removal, 
and instead of a coarse-packed regenerator with a loose pack- 
ing of bricks, to have a comparatively finely packed regener- 
ator, removing the particles there, on the same principle as 
certain types of filter 

If this fume-removal filter is combined with a regenerator, 
air is blowing through it alternately with the waste gases, and 
therefore when the waste gases are going through it the brick 
surfaces are very much colder than the gases. Because of this 
temperature difference there is a considerable thermal precipi- 





tation effect and it is possible to achieve 90%, efficiency in fume 


removal using granulated material with an extended surface 
How long it can be run before it blocks up and whether or not 
we should have a filter consisting of coarse bricks and then 
finer material with very fine material at the bottom, are 


questions which remain to be studied. This paper gives the 
information which Strauss obtained in the coarse of his work 
in testing a combined regenerator and fume-removal filter: 
Fig.1 shows where he took his samples from the regenerator 
had his 


mental cleaning and regenerative system, alternately blowing 


At the point indicated ‘To suction fan’ he experi 
and sucking the gases through in the same sort of evcle as with 
a regenerator 

The facts which Strauss found have been published in this 


During oxvgen lancing he sometimes obtained the very 
3 


paper 
high concentration of 6 g/m* of fume; the Ringelman smoke 
number for the top of the stack during that period would be 
about 4, which, if it were black, would be called a serious 
smoke emission, but during the rest of the process and in 
refining, when not working with oxygen, there was a maximum 
{ingelman number of 2 which could be ignored 

He found that the fume 


besides iron oxide. From Table IV it will be seen that the iron 


contained many other things 
oxide content varied in different samples from about 12°, up 
to nearly 90%, so that the material was by no means 100°, 
iron oxide. That part of it which was iron oxide was a mixture 
of hematite and magnetite. The particle size of the fume was of 
two types, but the main bulk of it was very small and below 
1 uw in size 

If metallurgists cannot obtain the benefits of oxygen lancing 
without fume emission I think that we can probably find a 
solution to the fume-emission problem on the lines which I 
have suggested. 


Dr S. Klemantaski (BISKA) presented the paper by Dr 
Turkdogan and Mr Leake, Dr Turkdogan being in the USA 

Mr C. Holden (The United Steel Companies Ltd) presented 
his paper and showed a short film illustrating the effect of 
carbon in the melt on the quantity of fume evolved 

Dr H. Neuhaus (Kléckner-Werke AG, 
sented the paper by himself, Dr Kosmider, and Dr Hardt 

Mr K. Knaggs and Mr J. M. Slater (BSCRA) presented their 


paper and showed a film of the inside of the furnace during 


Hiitte, Haspe) pre 


oxygen injection 


Mr B. Larsen (Edgar ©. Bain Laboratory for Fundamental 
Research, United States Steel Corporation) then showed a film 


entitled ‘Bubbles in Steelmaking’. 


Mr B. M. Larsen: One receives two general impressions from 
most of the recent papers on iron fume formation. First, that 
there are at least three modes of fume development in commer 
cial iron or steel refining processes: (a) simple vaporization 
occurs as an approach-to-equilibrium effect wherever liquid 
metal contacts a gas phase, () partial or complete ‘burning’ of 
iron droplets occurs, probably producing some fumes whenever 
these are thrown up into an oxidizing gas phase by the bubble 
bursting effects in the boil processes, and (c) neither of these 
effects seems adequate to explain the bulk of the total fume 
formation, so that, seemingly, some ‘X-mechanism’, the true 
nature of which is not yet understood, must also occur at least 
in periods of heavy fume development 

The other impression is that with this complexity, we can pro 
bably easily misinterpret observations made in furnace opera 
tions. For example, visual observations strongly suggest a very 
effective ‘washing out’ of fume from boil gases as these pass 
through a slag layer, especially in foamy slags. It would seem 
The X mechanism 
might somehow form a concentration of iron fume inside a 


that such effects must occur to some extent 


bubble which was much above the metal vapour pressure at 
the existing ambient temperature. As such a bubble moved 
through more liquid metal, the excess fume could condense 
back into the liquid metal; or, in a foamy slag, any fume present 
as oxide particles could simply be absorbed into the slag, or if 
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present as metally vapour or liquid droplets it could react 


with the slag, as for example by the reaction 


Fe Fe,( ,<-—3 FeO 


which at moderate slag temperatures might almost « ompletels 
remove iron fume, giving boil periods when apparently pure 
We 


the issuance of gases nearly free of iron oxide as being largely 


white issuing gases are observed may also misinterpret 
reality it 
onditi 
site for much excess fume development by the ‘X-me 

In this the 
experiments, it 


due to such a washing-out effect, whereas in may 


simply indicate the absence of certain special ¢ ns requi 


hanism 


situation, admitting primary need for more 


may also be reasonable to indulge in some 


speculation as to the reality and the nature of such an X 
Assume first, even though this 


with all the 


mechanism assumption may 


not seem consistent effects observed, that this 


mechanism depends on the contact of a more or less highly 


oxidizing gas phase with a liquid—metal surface rather high in 


earbon content. Two things must be happening at the same 


time: (a) a rapid absorption of oxygen at the liquid surface, 


and (b) formation of CO molecules at this same surface so that 


a steep gradient in carbon concentration in a thin liquid 
diffusion film layer produces a rapid diffusion of carbon atoms 
to the interface. If we also assume that, at least in a certain 
range of temperature, a very thin film of liquid wiistite tends 
to form on the liquid surtace, it seems quite reasonable that 
the interaction of carbon atoms from beneath this film should 
cause a simultaneous formation of a CO molecule together 
with the rapid freeing of the linkages of one Fe atom so that it 
could easily leave the liquid surface. This would be a process 
occurring in such a steep activity gradient as to be somewhat 
like an explosive reaction confined to an interface, with several 


apparent advantages. It would not need the assumption of 


affected by 


separate kinetic factors, tt might under most favourable con 


any complexes such as FeCO; since it could be 
ditions approach an apparent stoichiometric relationship with 


one Fe atom released for each CO molecule evolved, vet. with 


the Fe 
Che rate of fume 


a different balance between transport rates, most of 
atoms might relax back into the liquid phase 
formation would naturally be low at low carbon levels since 
the adsorbed oxygen could diffuse into the liquid faster than 
the rate of supply of carbon atoms so that many CO molecules 
might form separately with much less disruption of any FeO 
film layer formed at the interface. A certain te mperature range 
could also be optimum, since many observations of filming 
over of spoon samples indicate that higher superheat and per 
the oxide 


haps lower liquid viscosity favour the absence of 


film formation assumed here to be required for the very rapid 


loosening’ of Fe atoms into the gas phase Such a mechanism 


combined with a variable “washing out’ of fume before leaving 
the bath might explain in part the variable fume evolution in 
Bessemer operations. Fume formed during oxidation of phos 
phorus ata high rate could be « aused by a mec hanism more or 
less analogous but different in detail 

As to further experimental work, the most 


immediate need 


is for further careful measurements of fuming rate + tempera 
ture at constant conditions of gas flow and composition and 


earbon content in the liquid iron 


Professor F. D. Richardson (Imperial College of 


Technology): There are many puzzling facts in the five 


Science and 
very 
interesting papers on fume formation: it is not easy to pick out 
what is really important and what is incidental. It seems clear 
that 


that temperature may be. To get a proper perspective, it is 


however, carbon and oxygen are very important, and 


helpful to compare the true vapour pressures of iron with the 
vapour pressures which would be equivalent to the quantities 
of fume that have been observed 

The 


1500°C, 


vapour pressure of about 2x 10-5 
and 5 10-3 atm at 2000°C. If the laboratory results 


reported by Turkdogan and Leake are considered, the iron 


iron 18 atm at 


pressure equivalent to the fume is 10-" atm, a figure much 
of the the other 
It would be most interesting to know whether such a 


higher than most values calculable from 


papers 
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high value was observed by Mr Holden in the laboratory 
experiment shown in his film; a very dense fume was clearly 
comming from the high-carbon iron which he was treating at 
about 1 100°C. 

In the work of Knaggs and Slater, we find equivalent pres 
sures of about 5» 10-* atm, and in the OH work values of the 
order of 2 « 10-* atm. All these pressures are so much higher 
than the true vapour pressures, even at 2000°C, that simple 
vaporization at local hot spots cannot be an adequate explana 
tion 

So far as converters are concerned, the general idea seems to 
be that very high local temperatures are probably the biggest 
single cause of intense fuming in the presence of oxygen. | 
have difficulty in believing that this accounts for everything. 
As far as I can see, the high local temperatures have been 
derived from calculations that take no account of heat transfer 
away from the rising gas bubble, i.e. heat transfer from the 
surface of the bubble, which becomes coated with iron oxide, 
into the body of the melt. If reaction between gas and metal is 
to proceed, iron must diffuse through the oxide film. This mass 
transfer of iron must be very much slower than the conduction 
of heat away from the bubble into the body of the melt, for 
thermal diffusivities are many times greater than diffusion 
coefficients. What is the basis for the assertion that there are 
measured temperatures which support these incredibly high 
calculated values? I assure that they must be temperatures 
measured through the bottom of a tuyére. My recollection of 
IRSID’s that the 


observed temperatures were not particularly high; and these 


studies with two-colour pyrometers is 
surface temperatures would probably fall as the bubbles rise 
through the melt 

There is a further objection to an explanation based solely 
the effect 
which is evident in many cases, and particularly in the results 
given in Table II of Knaggs and Slater. A well controlled 
series of temperature measurements with bottom blowing with 


on temperature: it Cannot account for of carbon 


oxygen or oxygen-helium mixtures, in the absence of carbon, 
would be of very great help. A better idea of the maximum 
effects which we can attribute to temperature could then be 
obtained. 

The indubitable effect of carbon makes me incline strongly 
to the view that there must be some chemical explanation of 
these phenomena. The reduction of fume brought about by 
adding steam to the oxygen, hitherto attributed to a lowering 
of temperature, might also be caused by chemical effects. If 
we examine the compositions of the top gases as reported in 
the paper by Kosmider, Neuhaus, and Kratzenstein (1954), we 
see that the CO;:CO, ratio is very much greater when steam is 
added; there is a greater efficiency in the utilization of the 
gases inthe bubble, probably caused by some catalytic effect or 
faster diffusion rates with hydrogen and steam. The introduc- 
tion of steam thus brings about substantial chemical changes 
and it may be these rather than the lowering of temperature, 
that are the cause of furne suppression. It would be helpful 
therefore if Dr Neuhaus could say whether or not the curves 
which were published for the composition of the emergent 
gases by Kosmider et al. in 1954 are typical. Can we still take 
them as correct? I should like to know also how they were 
measured and how far away from the top of the melt they 
were recorded. 

In inclining to chemical theories, I do not want to suggest 
that I am inclining to Kohlmeyer’s carbonyl theory. The 
theory is conceivably true but the work on which it is based is 
very crude and preliminary, and I think that there are other 
possibilities. Mr Belton, working with me with the support of 
the United Ltd, has 


vaporization of iron in the presence of the gas mixtures of 


Steel Companies been studying the 


carbon dioxide. We 
now feel sure that iron is volatile as a hydroxide, possibly also 


hydrogen + water and carbon monoxide 
as an oxide, and we are finding that these volatiles can exist in 
the gaseous state at 1400—-1500°C at partial pressures which 
are some 20 times greater than the true vapour pressures of 
iron. This sounds a big effect, but the pressure of these vola 
tiles at 1 500°C is equivalent to no more than the true vapour 
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pressure at a temperature 200°C higher. It seerns unlikely that 


these volatiles could come anywhere near to accounting for the 


equivalent pressure of 10-* atm obtained by Turkdogan and 
Leake: they could however account for the OH observations. 

Since we are still in difficulty, we should perhaps think about 
bursting bubbles and the material which is thrown into the 
gases whenever a bubble bursts. It that in 
laboratory experiments the effect of bubble burst may be 
much more important than in practice, because there are 


seems to me 


shorter times and distances in which particles can settle out 
of the flowing gases. This phenomenon might thus account 
for the rather high equivalent pressures observed by Turk- 
dogan and Leake. It is only when carbon monoxide is coming 
off that bubbles can form and burst in their experiments, and 
it is then that they get their big effects. 

I should like to put a question to Mr Holden. He showed us 
two very impressive photographs of fuming during the injec 
tion of oxygen in the open hearth, with the bulk of the fume 
lying like a cloud above the bath and an apparently clear zone 
in between. I think he said that all the samples of gas and fume 
abstracted from this clear zone yielded particles of unoxidized 
metal. It would be interesting if he would say how these 
samples were taken and whether the quantities of material 
which could be abstracted from this clear zone were substan 
tial. Could it be that in this clear zone there are present vola 
tile iron compounds that decompose on cooling and that the 
dense fume above is produced when these compounds are 
oxidized to yield very finely divided solid material ’ 


Dr H. Newhaus (Kléckner-Werke AG), in reply: Professor 
Richardson asked whether the curves for the waste gases in 
our earlier publication are typical. In our opinion they are. We 
obtained a large number of gas samples inside the converter 
and in the chimney. Only the average values are shown in the 
curves, The samples inside the converter were taken about 
1500 mm above the level of the bath 

Referring to the main question whether the brown fume is 
produced by vaporization or not I should like to say: ‘Yes it is 
in the basic Bessemer practice’. 

Our own experimental work relates only to the bottom 
blowing converter process. The colour pictures that have been 
shown indicate that there is indeed a fume evolution during 
decarburization, but the heaviest fume is emitted during de 
phosphorization when the bath is free of carbon. 

Because of the submicroscopic grain size of the Fe,Q, in the 
dust we suspected some years ago a vaporization effect. It is 
quite impossible to calculate the correct temperature of the 
hot spot, but we found for different refining gases a corres- 
calculated values of local 
temperature and the fume emission. Some years later Naeser 


pondence between the roughly 


et al.t and von Bogdandy? measured independently the hot- 
spot temperature through the bottom tuyéres by two-colour 
pyrometer and found similar values. 

Whether our temperature is correct or not is not so import 
ant, but we believe it indicates a correct tendency and helps us 
to progress in this important matter. 

It may be that in OH practice another mechanism of fume 
formation occurs, particularly during decarburization. This 
second possibility seems more to be a chemical effect, perhaps 
interactions between the Fe, the oxygen, and the carbon. 

Nevertheless, further investigation may construct a bridge 
between both theories 


The Chairman, Dr J. H. Chesters (The United Steel Companies 
Ltd): Do you think that temperatures of the kind about which 
we are talking come into the OH problem with which Mr 
Holden has dealt? When oxygen lancing is not used, presum- 
ably the temperatures must be lower. Do you think that both 
the OH (without oxygen) and the basic Bessemer converter 
are to be explained in the same terms, or are they different 
effects? 


Dr Neuhaus: I think that they are two different effects 





Mr ©. Holden, in reply: Professor Richardson asked 
whether or not the vapour pressure of the fume was meas- 
the film 


The answer is that they were not, because I have never been 


ured during the laboratory experiment shown in 
convinced that it is possible in the laboratory to simulate 
OH 
carefully made 
P, Si, and Mn), 
added to them and the effect of these on fuming has been 
The results, I 
similar to those obtained by Turkdogan and Leake 


anything approaching what is happening in the 


furnace. We did, however, obtain some very 


samples of iron with various elements (( 


believe, were very 
Whereas 


values of vapour pressure might be interesting from a process 


examined by Mr Barnsley 


chemistry point of view, the paper which I presented was 
intended more as a practical man’s survey of the situation, and 
I doubt whether it is worthwhile to go further than this from 
the point of view of the OH operator 

With regard to Fig.8 in my paper, we have always noticed 
the clear zone to which Professor Richardson referred. Up to a 
few months ago I had never thought deeply about it, but our 
attention was concentrated on it when we heard from Knaggs 
and Slater that they had in fact sampled pure iron from this 
(they 


lancing in an are furnace 


zone give the results in their paper) during oxygen 


More recently Mr Pengelly of the 
United Steel Companies, has taken similar samples from are 
The difficulty when 
drawing samples from the bath is to quench them adequately, 


furnaces and has confirmed that finding 


and because the gases must contain a fair amount of hot CO it 
could be possible to sample iron oxide and reduce it to pure 
iron within the probe 

Steel 


United 


Mr A. E. Pengelly (The Ltd): 


These experiments were undertaken to test the w ater-cooling 


Companies 


of a sampling probe designed to extract gas and solid samples 


trom the atmosphere above an are-furnace bath and to quench 
them to below 300°C. Samples obtained were incidental to the 
testing and no careful measurement of gas flow was therefore 
made 

Four samples were taken from an are furnace at Samuel 
Fox’s works, three of them during oxvgen blowing. The first 
was a complete failure owing to poor probe positioning. The 
second was fairly successful, but owing to a billowing brown 
fume cloud, probe positioning was still difficult and the filter 
This 
sample contained about 70°, of alpha iron, the rest being a 
mixture of FeO and Fe,O, 


ing nose spent some proportion of time in the cloud 


The total weight in the filter was 
more than $ g. The third 
sample was taken with the probe properly held in the clear 


less than 1 g, but substantially 


fume-free zone above the bath and contained only alpha iron, 
Unfortunately early in this sampling period, the nozzle became 
blocked by slag, so that the total weight was only 50 mg. The 
fourth sample was taken after oxygen blowing and contained 
only zine oxide. 

I made some rough calculations of the effect of iron vapour 
pressure present during extraction of the second sample. 
Assuming that the iron was all vapour, its effective partial 
pressure within a factor of 3 or 4 was 4 « 10° atm. It is diffi- 
cult to estimate the local bath temperature, but the average 
was certainly nowhere near 2 000°C 


Mr G. R. Belton (Imperial College of Science and Technology) 
We are trying, as Professor Richardson has said, to find the 
fundamental mechanism of fuming, the research being spon 
sored by the United Steel Companies. Some years ago Miss M, 
Gleiser® at Imperial College carried out measurements on the 
solubility of oxygen in iron and used water-vapour hydrogen 
mixtures to give the desired oxygen potentials. She found a 
weight loss of iron which could not be attributed entirely to 
the vapour pressure of iron, so we took this as the starting 
point of the research. The hydrogen-water vapour mixtures 
were obtained by bubbling a metered volume of hydrogen 
through a pre-saturator and condensing out the excess water 
by passing through a glass vessel, filled with glass beads, held 
at the exact saturation temperature in a thermostatically con 
trolled water bath. In order to stop condensation, all the glass 
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R CO-:CO, ratios of exit qasea during Bessemer blow, taken from 


Kosmider et al 


tubing through which the gas mixture passed was heated to 
about 100°C by means of resistance wire wound spirally on the 
tubes. Measurements of the vapour pressure of iron were then 
carried out in this atmosphere by the transportation technique 
An enhanced volatility has been found but at this stage it is 
not possible to distinguish whether the volatile species 1s @ 
hydroxide or an oxide of iron. 

If the volatile species proves to be an oxide and it is stable 
when the oxygen pressure is below that of the Fe-FeO system 
it will explain some of the observed phenomena. I have 


taken the gas mixtures observed by Kosmider, Neuhaus, and 
Kratzenstein’ when they used enriched oxygen in the standard 
basic Bessemer, and I have plotted the CO:CO, ratios against 
the time of blowing. If we draw on this a line representing the 
equilibrium gas mixture for the Fe-FeO system we obtain 
Fig.R 

For a volatile oxide unstable at oxygen pressures above that 
of the 


expected to occur at points a and 6 in Fig. R and some reduc 


Fe-FeO equilibrium, maximum fuming would be 


tion in fuming would be expected at the point where the gases 
are most reducing (point c). If Fig.2(a) in the paper under dis 
eussion by Kosmider, Neuhaus, and Hardt, is examined, it can 


be seen that there is this tendency towards two distinct 


furning peaks 

Coming to what is to me a far more interesting result, I cal 
culated the effect for the steam-blown converter. Here again, 
the CO:CO, ratio for the Fe-FeO system can be plotted, and 
we find that the gas is always strongly reducing towards FeO 


and becomes oxidizing only towards the end of the blow as 


shown in Fig.2. Reference to Figs.3 and 4 in the paper by 
Kosmider et al. reveals, at first, little fuming and then a period 
of fuming towards the end, corresponding to point d in Fig.R 
and 


Leroy Simon® have reported an almost 


absence of fume in the IRSID continuous desiliconizing pro- 


complete 


cess. This, I think, is in favour of our mechanism. The porous 
refractory bottom of the lander splits the oxygen stream into 
very fine bubbles, so we would expect the gas mixture to be 
The gas 
carbon, contains a far larger 


* so we are 


very near equilibrium composition equilibrium 


90 


mixture for iron with, say, 2%, 
proportion of CO than any mixture on my figure 
far removed from the optimum conditions for fuming. 

This is only a tentative mechanism which we are putting 
forward and may have to be revised if we find any differences 
in the suggested behaviour of the volatile compound, but it 
lends a little support to the chemical approach 


Dr J. Pearson (BISKA): The whole picture presented by these 
five papers is one of certain contradictions and confusions, but 
also of some general agreement not only between these authors 
but with what we have read in the past. First of all, we find 
that in the laboratory experiments ¢ arbon 1s necessary to get 
furning, but in connexion with the maximum period of fuming 
so that it 


It was also 


in bottom-blown converters carbon is not necessary, 
seems that there must be two mechanisms at work 
found that in most of the laboratory experiments so far des 
cribed carbon had been removed at a fair rate during the fum- 


ing, but in the experiments which Knaggs and Slater describe 
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when they had a high silicon content they obtained measurable 
furnes but no change in the carbon content. This may be 
because the amount of fume was very small and if it had in- 
volved some carbon it could not be measured in terms of 
analysis of the steel. 

One thing seems clear about the work reported by Knaggs 
and Slater and now by Belton, and also confirmed by Turk 
dogan and Leake: immediately above the bath, before air or 
oxygen has access to the fumes, the metal is at least pre 
dominantly iron, and therefore we can assume that there was 
We that temperature is 
important and that the higher the temperature the greater the 


vaporization, have also learned 
amount of fume. This is not surprising, since presumably the 
production of fumes involves a physical or chemical mechan 
ism, and a physical or chemical mechanism generally acceler- 
ates with increase of temperature. The curve of vapour pres- 
sure which appears in the paper by and 
Hardt is of the same shape as that for the rate of reaction at 


Kosmider, Neuhaus, 


increasing temperature. 

In connexion with some of the figures which Professor 
Richardson has given and in relation to the amounts of fume 
evolved, it may be of interest to repeat something that I said 
at the 47th Steelmaking Conference when I was reviewing this 
question of the formation of fume and mentioned the work of 
Kosmider and Neuhaus. I said that I thought it unlikely that 
the temperatures which they calculated for the hot spot would 
persist throughout the bath, but I assumed that a bubble, if it 
contained any vapour, would leave the bath at the tempera- 
ture prevailing at the time the blow was conducted. I then 
worked out from the curve of the vapour pressure of iron as a 
function of temperature what should have been the vapour 
pressure of iron in bubbles leaving the surface, and from the 
figures which Kosmider et al. gave of the volumes of waste gas 
etc. I calculated what should have been the iron-oxide content 
in the gas which they measured. My calculations gave a figure 
of 0-8 g/m’ and the actual figure determined was 0-4—0-9 g/m. 
In other words, there was close agreement between the amount 
of iron oxide found by Kosmider et a/. and that derived from 
the vapour pressure of iron at a temperature of 1580-1 600°C, 

I should like to ask a question about the effect of water 
vapour on the suppression of fuming. It is in fact feasible to 
assume that the dissociation of water vapour cools the hot 
spot, thereby reducing the local temperature, and that this has 
an effect on the vapour pressure and less fume is evolved. The 
effect is clear not only in the film which Dr Neuhaus showed 
but in experiments which have been carried out in various 
parts of this country; but, and here I am putting a question to 
those who have more experience than I have, COQ, is also added 
to bottom-blown converter heats for precisely the same reason 
that steam is added, namely to cool, and the amount of CO, 
added to the oxygen is measured so as to have the same effect 
as the water; yet I am told that an oxygen—CO, blow is par- 
ticularly obnoxious from the point of view of fume production. 


If this is true, then CO, as coolant is doing nothing to suppress 


fume formation, but it may have some connexion with what 
Mr Belton has told us. 


The Chairman, Dr J. H. Chesters: ‘This difference between the 
OH furnace and the converter is very puzzling. It is possible 
to explain most of what is seen in the converter by very high 
temperature, but Mr Holden has found, and other workers in 
the United Steel Companies have repeatedly found, that the 
fuming does not coincide with the maximum temperature in 
the furnace. When we put cold scrap in and heat up with 
pitch-creosote and watch the roof temperature, there are two 
peaks inside 10 min and they occur well before the roof 
temperature gets to the maximum. One possible explanation is 
that the bath becomes coated or the scrap becomes coated 
with slag. Would Mr Larsen’s bubble mechanism explain why 
the peak comes at a lower temperature than the maximum? 


Monsieur B. Trentini (IRSID, Paris): In the bottom-blown 
converter, it is well known that the higher the oxygen con- 


centration in the air which is blown, the more fume results. In 
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the last part of the blow, at a given percentage of the refining, 
less fume results if we blow with normal air than with 40% 
oxygen in the air for the same bath temperature. 

Another fact should be noted. In a certain plant in France 
we use different types of bottom in basic Bessemer converters. 
We have one type of bottom (A) with a uniform distribution 
of holes in the bottom. Another type (B) with groups of holes 
in magnesia blocks: the dolomite has no holes and the mag- 
nesia has a series of about seven holes very close together, so 
that the concentration of holes in that area is much larger than 
in a bottom of the first type. It is well known to engineers of 
this plant that for a given temperature this second type of 
bottom, B, gives much darker and stronger fume than the 
first type, A. 

This is also important in considering fume formation. I was 
told by Monsieur Decamps from Sollac that when the holes get 
larger towards the end of the life of a bottom, the amount of 
fume increases very quickly and the behaviour is very different 
from that with a normal bottom. This phenomenon is used as 
a check-up by melters. 

As far as top blowing is concerned, if we use, for example, 
oxygen with a high concentration of lime in it, we can suppress 
the fume entirely. We have made experiments in an OH furn- 
ace and find that if we blow oxygen alone with a given carbon 
in the bath, around 0-5°,, there is at the start a great amount 
of red fume. A few seconds later, if we add lime powder in high 
concentration, about 12 kg/m’, we suppress almost entirely 
the red fume. We can explain that by the effect of local lower 
temperature 

There is a third point which I want to emphasize which con 
cerns what Mr Larsen said about a foaming slag and the 
lowering of the fume when there is a layer of slag above the 
metal. We have noted that this is very marked with the top 
blowing process. When there is little or no slag cover the 
amount of fume is very great, but with a thick layer of slag 
the amount of fume, more or less foaming because of high 
carbon evolution, is much less. It seems, therefore, that slag 
acts as a filter. On that same point, in the case of the basi 
Bessemer process we have developed a method of measuring 
the opacity at the end of the blow and have found that it 
decreases. We think that that is because the slag in the basic 
converter is shaped only at the very end of the blow, in the 
last few seconds, and we believe that when that slag is formed, 
it filters a part of the fume. 


Mr R. W. Evans (Steel Company of Wales Ltd): Originally I 
thought that an oxygen jet impinging on the surface of molten 
steel increased the temperature to a point where iron-oxide 
vapour was generated, which accounted for the fume. Con 
sidering the bottom-blown Bessemer process, however, it now 
seems to me impossible that the high temperature locally 
generated by a blast containing oxygen under the metal 
should persist while the bubbles are rising through the metal 
If the high temperature did persist then the temperature in 
the area of the bubble lifting itself through the metal surface 
would be higher than the average temperature of the metal. 
but, bearing in mind the opportunity for equalization of 
temperature while the bubble is rising, this seems extremely 
unlikely. 

One should consider, also, the effect of fume on steam addi 
tion to the blast in the bottom-blown converter. As the carbon 
is exhausted in the bath, the gas leaving the converter pro 
gressively becomes richer in pure hydrogen; towards the end 
of the blow when the carbon is exhausted almost pure hydro- 
gen is being evolved. There is dissociation of H,O; the oxygen 
is used in oxidizing the metal and hydrogen comes off. This 
may be monatomic or ordinary hydrogen, but pure hydrogen 
is a very strong reducing agent. Can this have an effect on the 
constitution of the iron oxide so that it seems to be almost 
colourless? It may mean that much the same quantity of 
material as before is coming off, but it does not look so bad. 

Further evidence of this possibility is that although fumes 
from may both be 
dense when oxygen is used, there is a difference in the colour 


OH furnaces and Bessemer converters 





iffect of steam on optical density of fume 


tint. The OH fumes have some resemblance to powdered 
hematite with a definitely red tint, whereas the fumes from the 
converter are definitely brown. 

It is also possible, when using roof lances on an OH furnace 
to reduce fume considerably by the addition of steam, and the 
same effect occurs when desiliconizing hot metal. Perhaps this 
is a chemical effect associated with the evolution of a reducing 
gas 


Dr $. Klemantaski (BISKA): The apparently excessive vapour 
pressure referred to by Professor Richardson might be due to 
(a) mechanical iron carry-over (by droplets) in addition to that 
due to evaporation, (>) the true iron temperature being higher 
through local oxidation of iron and/or carbon monoxide) than 
that measured, and (c) the production of droplets so small that 
their vapour pressure was considerably greater than that over 
a relatively flat liquid-iron surface at the same temperature 
Combinations of these effects are possible and their direct 
experimental detection would be difficult 

I should also like to refer to the temperature of a gas bubble 
passing through liquid iron. Little convective heat transfer can 
be expected between gas and metal, nor could radiation 
account for much (because of the poor emissivity of the main 
CO): bubble starts appreciably 
hotter than the bulk of the metal in a converter will probably 


component, thus a which 
stay so when it breaks surface and will thus be able to convey 


concentrations of iron vapour greater than expected from 


metal-temperature measurements. If larger holes in the con 
verter bottom mean larger bubbles (and hence less convective 
heat transfer) the case mentioned by Monsieur Trentini fur 
nishes some support for this view. The relatively high thermal 
conductivity of hydrogen would make the temperature of the 
bubbles containing this gas closer to that of the metal, and 
this may be a factor in fume reduction by steam additions to 
the oxygen. 


Dr J. Pearson (BISRA): Mr Larsen made a point which 
Monsieur Trentini was able to confirm from practical experi- 


ence. I should like to quote a case where, apparently, operating 


practice and laboratory experiments seemed to fit in with one 
another. In the particular field which we are discussing they do 
not do so. I have to refer to the work of others, and in particu 
lar earlier work by Dr Turkdogan. At that time he had a furn- 
ace which consisted essentially of a pot with iron, containing 
carbon, in it, into which he blew oxygen through a narrow jet. 
Initially he placed on this iron lumpy slag-making material 


and blew oxygen through the jet, and he obtained copious 
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T Effect of steam on light transmission at different fume con 


centrations. calculated from Fiq S 


fumes. When the slag had fluxed down and the reaction was 
continuing satisfactorily the slag would come to the top and 
stay there. After a short time he would stop blowing to take a 
sample of the metal, the slag then forming a thin layer. He 
then blew again and the slag parted and there was a lot of fume, 
but then the slag would foam and the fume would stop. That 
is an example of how, in the laboratory, slag was acting to 
filter out fume. 


Professor F. D. Richardson (Imperial College): I 


Monsieur Trentini could give 


think that 
us an idea of whether the tem 
perature with oxygen blowing, determined by measurement by 
an optical pyrometer viewing up the tuyére, is in fact very 
different from that observed with blowing by air. Is it a matter 
of 1000° or 500° or 100°C? 


Monsieur B. Trentini (IRSID, Paris), in reply: We have carried 
out experiments with a pyrometer looking through the bottom 
of a basic Bessemer converter and have used it to find the evo- 
We took a normal hole 
or tuyére in the bottom of the converter and had there our two- 


lution of temperature during the heat 


colour pyrometer and obtained the normal curve of tempera 
ture evolution in a basic Bessemer converter 

We blew a small amount of nitrogen to keep the hole open 
(but not too much, to avoid cooling it down), and we could 
check the temperature by the immersion pyrometer to be sure 
that we had the right temperature. At the end of this series of 


experiments we blew As might 


be expected, much higher temperature at the impact zone was 


nitrogen-air or enriched air. 


obtained with oxygen-enriched air. Similar experiments have 
also been conducted in Germany 


Mr K. H. Sargent British Oxygen Research and Development 
Ltd): Since Mr Evans has asked whether the addition of steam 
alters the nature of fume, as distinct from its weight, I should 
BORAD. In these 


iron were desiliconized 


like to present some evidence obtained at 
I 


experiments, l-ewt batches of hematite 
by top blowing. Extending the conclusions to a larger scale, to 
decarburization, or to bottom blowing, requires careful 
consideration, 

Two properties of the fume were measured: its weight con 
centration and its optical density. These two properties are 
linearly related, but the exact relationship depends upon the 
blast composition and conditions of blowing. Figure S, for 
example shows that for a given concentration of fume, that 
generated by oxygen/steam has a lower optical density than 
that generated by 


oxygen. Figure T' translates these results 


into more visual terms, and shows that at high concentrations 
of fume, a sudden increase in light transmission can be expect 
ed in the region of 50—60°%, steam. 

We do not believe that this change in obscuring power com 
pletely explains the value of steam, but it does prove that 
the fume 


steam can alter the nature of rhis is supported 


qualitatively by a change in colour of fume samples from 


brown to black. 
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TABLE 1 Results of oxygen jetting on iron-base alloys 





Analysis, % 
Main alloying elements 


Alloy ; Ss Mn 


Observed effect 


Relative 
amounts 
of fume 
evolved 





] Dense orange coloured fumes 


Reddish brown fumes, 


Vigorous reaction 


No fumes observed 


Dense brown fumes, containing a black deposit 


¢Dark brown fumes, violent reaction 


Grey fumes tinged with brown 


Dense reddish-brown fumes which changed to dark brown 
No fumes observed 





The optical results suggested that the particle-size distribu 
tion had been changed, possibly by the formation of a hydro 
gen flame and consequent retarded nucleation, as proposed for 
the Rotor.? Some preliminary particle-size analyses, in fact, 
show a broadening of the distribution with a distinct decrease 
in the cross-sectional area per unit weight. Alternative sugges 
tions were: (a) a chemical effect of the hydrogen on the fume, 
and (6) a localized cooling of the reaction zone. We tested 
these hypotheses by injecting nitrogen and hydrogen as alter- 
native diluents with the oxygen, and obtained surprising 
results. Nitrogen behaved very like steam in depressing the 
optical density/concentration graph with only a slight suppres 
sion of fume weight. Hydrogen, on the other hand, had little 
effect on the optical density/concentration graph, but pro 
duced a substantial reduction in fume weight. It appears, 
therefore, that the optical effect of steam is due to cooling of 
the reaction zone, and this is supported by the results of 
Trentini and Allard on the injection of powdered lime.* 

Finally, it should be mentioned that although we have 
extended our observations on fume suppression to the use of 
inflammable gases other than hydrogen, e.g. coal-gas and 
propane, and to decarburization, the efficiency of suppression 
(60-80%) is not yet If it could be 
developed to a level acceptable to the Alkali Inspectorate, 
however, it might have the advantage over steam of avoiding 


of commercial interest. 


the temperature loss inevitable with steam 


Written contributions 


B. P. Barnsley (The United Steel Companies Ltd): Mr C 
Holden mentioned tests which have been carried out by the 
United Steel Companies Ltd, regarding fume evolution during 
oxygen lancing on a variety of alloys. Several selected iron 
base alloys were melted in a laboratory furnace and then 
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This discussion was based on the following papers (dates of 
publication in the Journal are given in parentheses): 


‘The tempering of 2}°.,Cr-1°.,Mo steel after quenching and 
normalizing’, by PR. G. Baker and J. Nutting (1959, 192, 
257-268) 

‘A resistometric study of the first stage of tempering in plain 
carbon steels’, by H. W. King and S. G. Glover (1959. 193, 
123-132) 

‘The influence of tempering-time on some of the mechanical 
and physical properties of steel’, by J. L. Aston (1959, 192, 
377-382) 

Dr J. Nutting (University of Cambridge) presented the first 
paper, Dr 8. G. Glover (University of Birmingham) the second, 
and Dr J. L. Aston (Head Wrightson and Co. Ltd) the third 
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subjected to oxygen jetting. The alloys generally contained 
about 4% carbon and varying amounts of silicon, manganese, 
and phosphorus. The results were mainly quantitative, but 
rough measurements of fume emitted in a given time were also 
made. These indicated that the presence of Si, Mg, and P 
further increased the amount of iron oxide evolved (see Table 1). 


Dr H. Neuhaus, in a written reply: Referring to Dr Pearson’s 
questions about fume formation with oxygen—carbon dioxide 
blows, it may be that there is a difference in the velocity of 
reaction between the endothermic reaction of vapour with Fe 
and of the carbon dioxide with Fe. 

I cannot agree with Mr Evans. It is true that towards the 
end of the blow hydrogen and steam are being evolved out of 
the converter mouth. Hydrogen is indeed a strong reducing 
agent, but on the top of the chimney all waste gas, and the iron 
vapour too, must be oxidized. 

Furthermore, it is a fact that the quantity of fume particles 
in steam blows is only ten times less than in normal air blows. 
Therefore the effect of steam addition to oxygen is, 
opinion, a physical effect. 


in our 
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1959, 


Dr K. W. Andrews (The United Steel Companies Ltd): There 
are a few generalities about these papers which I think it might 
be useful to make before referring to specific details. If we 
regard the fully solution-treated austenite or ferrite matrix or a 
fully quenched completely martensitic structure as represent 
ing the base line from which tempering processes or carbide 
precipitations begin, then the papers in this group form a 
logical sequence if we consider the paper dealing with the first 
stage of (King paper 
considering the influence of tempering time on properties 
(Aston), and thirdly the paper by Baker and Nutting which 
deals in considerably more detail with one particular but in 


tempering and Glover), next the 


many respects a representative alloy steel. The papers pre- 
sented in session D (carbides and nitrides) could be regarded as 
providing information which might be applied at various 





Martensite 


stages along the tempering sequence and are complementary. 

I do not intend to repeat what the authors have already 
said, but in the case of the paper by King and Glover there are 
one or two points I wish to underline. First, they have pro 
vided evidence from their electrical resistance measurements 
of the formation of ¢e-carbide giving coherency strains during 
the early stages of tempering in high-carbon steels but not in 
steels with less than, say, 1°%C. Second, I believe they have 
established that with lower carbon contents there is another 
change, associated apparently with the provisional stability of 
a so-called cubic martensite containing less than 0-25%C, 
whose behaviour is essentially similar to that of ferrite in 
strain ageing. Furthermore they provide strong evidence that 
the tempering of low-carbon martensite involves segregation 
of carbon atoms at dislocations, but not (at least in these early 
stages) a precipitation. I am not clear as to precisely what 
they consider happens between 0-25 and 1-0°,C but on p.130 
they seem to suggest that e-carbide can form, or the segrega 
tion effect can occur as an alternative if more dislocation sites 
than usual are provided. Presumably at some point with the 
same steel in this region, segregations of carbon atoms in dis 
locations could become nuclei of carbide. Have we a tempering 
scheme like this? 


la 
» Segregation of 


C atoms to high med 


dislocations 


lb 
(High ¢ 


only) 


>Formation of 
carbide platelets 
coherently 


+ Low C martensite 


Cementite 


le 
> Separate 
e-carbide 
(low?) 
(medium C) 
(or high) 


In fact has the first stage of tempering really got three 
stages la, 1b, Ic? Special circumstances are needed for 1b, but 
otherwise at very short times, and even at high carbon contents, 
could not la precede the other stages? Again does e-carbide 
form for a very short time in the low-C steels? Alternatively is 
there not very little difference between very thin platelets of 
and similar platelets of cementite? This raises the point 
whether the changes in direction in King and Glover’s Fig.3 
for 100° and 120°C could be due to the transition from stage 
la to le or from la to 3, or from Ic to 3. 

Turning now to Dr Aston’s paper, it would be interesting to 
know if the author has used these results to give values of 
activation energies and if so, how they have linked up with 
the relationship of King and Glover. Presumably at the early 
stages they should give similar values, and hence resistance 
and hardness could be equivalent methods for measuring the 
progress of tempering. Would the parallelism continue how 
ever into the third stage of tempering? The author states that 
he has used the Hollomon—Jaffe parameter T(20+ log t) and 
found that some modification was required, in particular an 
additional term. It would nevertheless have been interesting 
to have seen precisely what these relationships were. I have 


attempted to show elsewhere! that the use of this parameter 


is not really properly consistent with the usual ideas of rate 
processes and kinetics: if the parameter is obeyed then the sim- 
ple activation energy treatment does not apply, and vice-versa 
Incidentally Fig.5 of the paper by King and Glover is actually 
reminiscent of the time/temperature parameter treatment and 
in effect uses a simple parameter of the form (AT +log t) 
where A 


constant. This could also be applied to Dr Aston’s 
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work. In fact it might be worth investigating whether this 
treatment fitted many of the numerous sets of results which 
have been presented in terms of the other parameter 

Saker and Nutting also deals with the 
and 13, 


mainly concerned with the identity and morphology of the 


The third paper by 
time/temperature relationship as in Figs.2 but is 
phases. They indicate the basic difference between the two 
conditions before tempering, namely the quenched or normal 
ized conditions. This accounts for the differences in hardness 
and carbide formation. Some time ago we reported an X-ray 
investigation? into a steel of this type although the authors do 
not appear to have seen this. Figure 9 of that paper shows the 
extent to which the results agree with Baker and Nutting’s 
There 
mentioning 
e-carbide that 
should be Fe,C 
higher temperatures and longer times, and Mo,C appears 


» 


Fig.2 
differences 


slight 
find 
diffraction 


for the quenched condition are 


We do 


electron 


some 
which worth 


but, of 


are not 


course, concede 


more successful here appears to persist to 
slightly sooner, in the steel of Baker and Nutting. In our case, 
700°C 


where only M,C is left. This seems to us to be the end-point of 


however, we appear to have reached a condition at 
a good many carbide sequences such as those described by the 
authors on p.266, which I think fully agree with the one 
referred to in a paper in the discussion on carbides and nit- 
rides. 

Our results for the normalized condition are also closely 
simnilar to those of Baker and Nutting, apart from the e-carbide 
and Mo,C ‘fringes’, and the fact that we seer to have reached 
the end in 1000 h at 700°C and M,C has appeared considerably 
sooner. The differences might be due to the apparently lower 
the X-ray 
surprised to find how sensitive they can be. It is more likely, 


sensitivity of methods, but we have often been 
however, that another factor must be considered. The proper 
ties of steels of this type, such as 2}°%Cr—1%,Mo, are known to 
vary a good deal with the temperature from which they are 
normalized or quenched. The authors do not give any details 
of this treatment, and it may well be that the results are con 
siderably affected especially as regards their relative position 
along the time scale of the various phase regions. An example 
I have already mentioned is that we have found M,C appear 
much earlier in the normalized condition than in the quenched 
(as above). In some cases undissolved carbide could be present 
and might affect the interpretation, or the carbide may be 
dissolved but the matrix has not been by any means homo 
genized. This raises a problem about this kind of research in 
general. The heat-treatments likely to give consistent funda 
mental knowledge are probably not suitable for industrial use. 
The 


likely to give consistent results. This dilemma is well known, 


commercially practicable heat-treatments are not so 
as the discussion on carbides and nitrides showed. 

Lastly I should like to say that the X-ray fluorescent anal- 
ysis method used by these authors certainly contributed to the 
value of the work and carried the interpretation further. The 
quantitative diagrams must, however, be regarded as im- 


precise, as the authors rightly point out. 


Dr J. Glen (Colvilles Ltd): Everyone must agree that the paper 
by Baker and Nutting presents a fascinating picture of the 
structures which can be obtained on tempering steel; but while 
not depreciating the importance of this work, I feel that I 
must take them to task when they state that the simple 
presence of Mo,C needles confers high-temperature strength on 
the type of steel with which they are dealing. This is a much 
too simplified picture of the complex phenomenon of creep 
strength. 

They also state in the first paragraph of their paper that the 
term ‘stress relieving’ is a misnomer. As a practical metal 
lurgist I only wish that they were right. Stress relieving is a 
treatment carried out to reduce residual stresses and thus the 
temperature necessary for this treatment may be higher than 
that necessary to give optimum creep or rupture strengths. 
Thus it is preferable to use the term ‘stress relieving’ even 
though this process is at the same time a tempering treatment 

Since in most practical applications it is necessary to temper 


Journal of The Iron and Steel Institute August 1960 





468 Joint discussion on tempering steels 


TABLE 1 Residues from 12°/,Cr steels with varying Ni, Mo, 


and Co 





Steel no. 


1 


Method 


Chemical ~ 
X-ray 
Chemical 
X-ray 
Chemical 
xX Tray 


Chemical 





the 24% Cr-1°% Mo steel to a temperature above about 650°C, 
much of the information given in Figs.2 and 13 of the paper is 
not of great practical importance. What is important is that 
this steel in the condition in which it goes into service has been 
tempered to such a degree that the carbide has been spheroid- 
ized and the Mo,C is well defined and in a massive form. With 
a simpler steel such as ordinary 0-5°%Mo steel, the best rupture 
strength is obtained in the normalized condition and temper- 
ing may reduce the rupture strength. It is well known, how- 
ever, that the short-time creep resistance, which I would prefer 
to call the initial creep resistance, reaches a maximum after 
tempering for a few hours at 650°C, and it has been shown by 
Murray that this maximum corresponds exactly to the opti- 
mum coherent hardening due to the presence of Mo,C. Very 
prolonged tempering to make the Mo,C visible reduces the 
creep strength and also the rupture strength. Since it has 
already been shown that the 2}°,Cr-1%Mo steel is over- 
tempered by the stress-relieving treatment to give massive 
Mo,C carbide, it is to be expected that the initial creep resist- 
ance of this steel will be poor, and this is found to be the case. 

If the deformation of this steel in practice were to be limited 
to, say, 0-1° the steel would be a poor one. However, the rup 
ture strength of this steel is very good, indicating that the 
creep rate continues to fall over very long periods of time. In 
other words, the latent creep resistance of the steel is high. It 
must be concluded, therefore, that some structural changes 
occur during actual testing, after we have heat-treated the 
steel and examined it under the microscope, and it is these 
changes which are of essential importance to this steel. 
Although such changes are not the subject of this paper, I 
think that until we understand them we shall not know what 
causes the good rupture strength of this steel 

The paper by Aston is also very interesting since he is 
attempting to deal with the complexities of his problem. Most 
of the physicists that I meet try to reduce metallurgy to one 
simple formula, but the work of Baker and Nutting, among 
others, shows that as steel is tempered all sorts of changes 
occur right up the temperature scale. Aston has shown that 
the rupture strength does not obey a simple rule. Has he tried 
a similar steel to that used by Irvine and his colleagues, 
namely a martensitic steel which is also age hardening? With 
such a steel, would he not find that even his hardness curves 
would cease to obey the rule which he has laid down? 


Dr H. Hughes (The United Steel Companies Ltd): I wish to 


limit my comments to methods of fluorescent analysis. In my 
experience in this field we have already found that only careful 
standardization of sample preparation and counting conditions 
gives results which are directly comparable. We have devised a 


method?’ on these lines which may be applied to the analysis of 
residues extracted electrolytically from steels. In its original 
form 0-1 g of residue was used, but there is no reason why the 


TABLE 2 Residue (M,,C,) from a12°,Cr-2}°,,Mo-6°,.Co steel 





Method Cr Mo 


37-8 


X-ray 
Chemical 38-5 





21-0 


22-0 
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U4 4Cr-1%Mo steel cooled at 200°C h 10000 


amount should not be reduced to 25-50 mg without undue 
sacrifice of accuracy. 

In Table | the results of chemical analysis are compared 
with those of the X-ray method and the comparison 1s quite 
good. It all depends on what it is desired to achieve. We are 
within 5% or so of the actual amount present. Table 2 also 
illustrates this point. Here we have a residue of M,,C,. The 
apparent level of Mo in Baker and Nutting’s paper was some 
what lower than that shown here. I think that this method 
might be applied in the present case and Figs.8—10 and 20-22 


repeated, giving absolute results. It may be argued that at low 


‘tempering temperatures fine particles could be lost, but most 


of the area covered by the figures could be done with con 


fidence. 


Written contributions 


Mr F. B. Pickering (The United Steel Companies Ltd) wrote 
I should like to congratulate Drs Baker and Nutting on their 


650°C 
10000 
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containing 1° ,Cr—1°,Mo—0-6%,V show bainitic structures 
which are heavily tempered to produce many small particles of 
VC, Fig. W At a slower cooling rate of 60°C/h, there may be 
many fringe carbides (Fig.X(2 and also V,C, precipitates 
within the ferrite (Fig X( 

These effects emphasize the fact that at slow cooling rates, 
which are often employed in commercially treated power 
plant materials, very considerable variations can occur not 
only in the transformed structure, but also owing to the effect 
of tempering produced by the slow cooling rate The subse- 
quent behaviour of such structures both during testing and 
service can be very different because their subsequent hardness 
changes during tempering are also different. It is essential 
therefore that the utmost care is taken when cor paring data 
| 


on such steels to make sure that the initial structures were the 


Sar 
Gemmill and Murray’ have shown some effects of prior 
structure in 2}°,Cr-1°,Mo steels on the 1L000-h rupture 
strength at 565°C. In the normalized and tempered condition 
the strength was about 12 tons/in? and the structure com 
pletely tempe red bainite, but after furnace cooling at 33°C/h 
the strength was only 10 tons/in®, and with an even slower rate 
of cooling of 15°C/h had dee reased further to about 8 tons/in# 
After tempering each of these structures for 100 h at 700°C to 
simulate long-time exposures at 565°C, the rupture strengths 
: of each structure were identical at about 7 tons/in*®. The point 
(200°C ih 10.000 of this observation is that the prese f polygonal ferrite and 


precipitation in the initial condition « 1 materially weaken 


very excellent paper in which they have consider ibly clarified the short-time strength, but the Iti long-time strength 


the tempering reaction vhich occur in this important low will be largely unaffected by \ itial structure 

alloy creep-resisting steel. I should lke to deal mainly with the Finally. we hav vidence to shov at normalized material 
effect of rate of ing on the initial structure f this steel, consisting of 100 hainite tempers rather more lowly in the 
and also to consider creep-resisting ferritic steels contaming temperature range 50-650 C than does water-quenched, 
Vanadiun i.e. martensitic, mi al is may well mean that normalized 


A steel of the : Pa t\ an exhibit a large num bainitie structure i vette trengths than mart 


tensitie 
ber of metallurgical struc when coolec varving rates, structures, at gh temp« tui We have not yet examined 
extending from martensite through bainite to polygonal ferrite the tempering reac ) f tl steels using the electron micro 
and pearlite At the slov rates of cooling, fringes of Mog scope but [T would \ ie the au opinions on the appar 
arbides can form eith t the bainite ferrite interface or the ently different tempering characteristics of fully baimitic strue- 
pearlite ferrite interface as shown in Fig.U. Also, considerable tures compared with fully n itic structures 
quantities of Mo,C carbide can precipitate within the ferrite 

\ similar situation often oceurs with vanadium steels. The Dr Mats Hillert (Swedish Institute for Metal Research, 
formation of fringes of val } carbides is shown in Fig.V for a Stockholm, Sweden) wrote Although the main features of the 
Mo-V steel which had been normalized and then tempered at first stage of tempering are fairly well established there are 
650 ( These fringes occur together with V,C, precipitates still problems which need further experimental work in order 


within the ferrite, and the structure shows that they probably to be resolved. King and Glover discuss two of these in greater 


occurred on dislocations. During cooling 200 Ch. steels detail in then ntroduction and later, from their own 


| 


1°, Mo—0-6°,V steel cooled at 60°C ih Lao00 X (ii) As Fig.X (i) 10000 
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TABLE 3 Activation energy, kcal/mole, for four steels 





~ Ay 0-19%C 0-47°C 0-69° °C 


0-92°%C 











experimental results, they arrive at certain conclusions. How- 
ever, it may seem that the same experimental results could as 
well be used as support for the opposite view. 

1. The first problem concerns the precise value and signifi 
cance of the activation energy for the first stage of tempering. 
Widely conflicting values have been reported, many of them 
surprisingly high in comparison with the activation energy for 
diffusion of carbon in ferrite. Lement and Cohen® have sug 
gested an explanation of the high values based on the assump 
tion that the value of the activation energy for diffusion of 
carbon in martensite is dependent on the carbon content of the 
martensite. It should thus become identical to the value for 

This 
tested 
experimentally and, moreover, as King and Glover themselves 


ferrite in that limit of vanishing carbon content only 
concentration dependency certainly needed to be 
state: It is not at all certain that the assignment of a unique 
value to the activation energy was justified’. 

In evaluating their data, King and Glover disregard the first 
part of their experimental curves and arrive at the conclusion 
that for each steel there is a unique value of the activation 
energy for the first stage of tempering. They find that for a 


series of steels the activation energy varies with the carbon 


content of the steel, cy, according to an equation which we can 
write 


Ist stage diffusion 


@ Co siete ferrite 
hey explain this variation in terms of the tetragonality of 
martensite, which is known to increase with the carbon con 
tent. The assumption is that diffusion in martensite can be 


described by an equation 


diffusion 


diffusion 


Q Ke+Qe 

¢ ferrite 

This model was studied by myself in a recent paper® and the 
following results were obtained. (a) A theoretical evaluation of 
the constant K yielded a value of K = 1700. (6) The diffusion 
thus vary considerably along the diffusion 
paths from regions with the initial carbon content of the steel, 


coefficient may 
C>, up to the neighbourhood of the e-carbide particles, where 
the carbon content of the martensite might be quite low. The 
activation energy for the first stage of tempering should then, 
if controlled by diffusion of carbon, be represented by an 


expression 


ist stage diffusion 

Co * ferrite 
where cm represents the ‘effective’ mean value of the carbon 
content along the diffusion paths. (c) The ratio cm/cg is con 
siderably less than unity. On comparing with the results of 
King and Glover, one thus obtains Key = 8500.c¢, 


or K>8 500, 


which is in sharp contrast to the theoretical value of K = 1700 
(d) The first stage of tempering is too rapid to be explained by 
an ordinary diffusion process with D 
RT. With regard to these results, 


another explanation of the high activation energy values found 


Drerrite- exp 8 500e, 
it 1s tempting to look for 


experimentally for the first stage of tempering. 

In view of recent results by Gerdien,’ some explanation is 
needed of the with the 
degree of transformation of a certain steel as well as with the 


variation of the activation energy 


earbon content in a series of steels. Further support for this 
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dilatometry by Roberts® on 0:78%C 
resistometry by Jellinghaus® on 0-79%C 
dilatometry by Gerdien® on 0-79%C 
@ resistometry by King and Glover on 0-92%C 
X-ray study by Kurdjumov” on 1-:0%C 
calorimetry by Krisement™ on 1-03%C 
A dilatometry by Roberts® on 1-43%C 
Comparison of data from different experimental techniques 


and steels 


suggestion can be obtained from the experimental data pre 
sented by King and Glover. If the data in their Table II are 
used for evaluating an individual activation energy value for 
each degree of transformation, a considerable variation will be 
Table 3 also gives the 
values evaluated by King and Glover and by them considered 


found, as demonstrated in Table 3. 


to be unique values characteristic of the whole first stage of 
tempering in each steel. 

The very rapid increase up to about 1-0°,P may perhaps be 
explained by a temperature-dependent error in the measure 
ment of the initial resistivity of the specimens. However, it is 
difficult to escape the impression that there is a significant 
increase of the activation energy as the reaction proceeds. In 
fact, if the experimental data published by other authors are 
re-evaluated in the same way, they all seem to indicate a varia 
tion of about the same order of magnitude. This is demon 
strated by Fig. Y, where data from different experimental tech 
niques (calorimetric, dilatometric, resistometric, and X-ray 
intensity) are compared 

If one accepts this strong increase of the activation energy 
as the reaction proceeds, one inight also expect that the 
activation energy evaluated at the end of the first stage of 
tempering, should increase with the carbon content of the 
steel, because the reaction proceeds farther the more carbon 
there is to be precipitated. The variation found by King and 
Glover may thus be explained once we have found the explana 
tion for the variation with the degree of transformation. It 
attention should at focused on the 


seems that present be 


latter phenomenon. 

2. The second problem concerns the carbon content of the 
the « 
carbide. This martensite has been found to have a tetragon 


low-carbon martensite which forms together with 
ality corresponding to a carbon content of about 0-25%). It has 
been suggested that this represents the carbon content of 
martensite in metastable equilibrium with e-carbide. The total 
change in length, resistivity, or heat content during the first 
stage of tempering of a steel with ¢,% carbon should thus be 
approximately proportional to cy —0-25. In particular, a steel 


9n0 


with less than 0:25°,C would not show the ordinary first stage 
of tempering at all. This suggestion has now been tested 
experimentally by King and Glover using a steel with 0-19°%¢ 
and from the small change in resistivity of this steel, only 
1-8%, they conclude that the first stage of tempering has not 
operated here. However, in spite of this, it may be worthwhile 
testing the other possibilities, e.g. that the total change during 
the first stage may be proportional to the total carbon content 
cy. If the total change in resistivity for the different steels 
examined by King and Glover is plotted against the carbon 
content of the steels, it will be found that all the points, except 
the one for 0-19°,C, fall verv close to a straight line through 














e 








Circles represent values considerably below the straight lines 


Z_ Relation between carbon content and diameter of specimen 


the origin. For 0-19°%C the straight line predicts a change in 
resistivity of 5-6%, but the experimental point lies at a third of 
this value, 1-8°,. This reduction by two-thirds does not seem 
large enough to warrant the conclusion that the ordinary first 
stage of tempering is completely absent in this steel. A much 
more attractive explanation would be that most of the mar 

tensite in this steel is formed at such high temperatures during 
the quench that it is considerably tempered before the steel has 
reached room temperature from the 


dark) 
after etching a polished section of a quenched 


Judging 
which 


amount of 
tempered (1.e martensite can be seen micro 
scopically 
sample of such a steel, it seems quite reasonable to assume that 
only a third of the martensite is formed at sufficiently low 
temperatures to remain untempered during the quench. Only 
this one third of a specimen would later undergo the first stage 
of tempering, giving a third of the resistivity change expected 
for the whole specimen. If this explanation is correct, the rate 
of cooling during the quench should be very important. In 
fact, this seems to be borne out by experiments. If the results 
obtained by Roberts et al.* and by Jellinghaus® are also repre 
sented by straight lines through the origin, it is again found 
that the proportionality holds only above a certain carbon 
content. This critical carbon content seems to depend on the 
diameter of the specimens used. In Fig.Z the circles represent 
experiments which have yielded values considerably below 
the straight lines. These circles fall inside a region which looks 
like a region of ineffective quench. The shape of this region 
demonstrates that one must choose thinner specimens the 
lower the carbon content is, if one wants to avoid tempering 
during the quench. This would be expected owing to the 
increase of the M« termperat ure with decreasing carbon content. 

If one accepts that the total change during the first stage is 
proportional to the carbon content, « 9 One cannot accept that 
low-carbon martensite with 0-25°.C is always formed together 
with the e-carbide on tempering martensite. The question then 
arises how the X-ray results concerning the tetragonality of 
the low-cerbon martensite should be interpreted. There seem 
to be two possibilities. (a) The X-ray data may not be accurate 
enough to exclude the possibility of a variation of the carbon 
content of low-carbon martensite with the carbon content of 
the steel. Information is available from only one steel of low 
(0-32°,C + 19°,Ni) and a low 
corresponding to 0-10-0-20° 1 


earbon content tetragonality 
was here reported.!® (b) The 
tetragonality found by the X-ray method may be caused partly 
by the coherency between the e-carbide and the matrix lattice 
The best from the 
X-ray data would therefore be based on the volume of the unit 


method to caleulate the carbon content 
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TABLE 4 Results of calculations based on data from different 





workers 
Carbon content 
Temp., lime, é a calculated from 
C time, h c/a c a*c 





Kurdjumovy et al.!! (1-4%C) kX kX 
l 





25 2-886 2-848 0-29 0-22 0-01 
150 i 2-886 2-852 0-27 O22 0-08 
175 l 2-884 2-857 0-21 0-20 0-17 
Werner et al.!? (1-43°.C) A \ 

65 1200 2-895 2-855 0-31 O25 0-08 

93 RO 2-892 2-856 0-29 0-22 0-07 
121 4 2-896 2-853 0-33 0-26 0-04 
149 1-5 2-895 2-855 O3L O25 0-08 
204 00-0056 2-803 2-B51 0-33 0-23 0-03 
cell a®.c and not on the tetragonality c/a. Table 4 shows the 


results of different calculations based on the data by Kurd 
jumov and Lyssak!$ on a steel with 1-4°,C and by Werner" on 
a steel with 1-43°,C 

The agreement between the two sets of data is quite good. The 
values in the last column indicate that the carbon content of 
may be much lower than 


the so-called ‘low-carbon martensite’ 


previously assumed. It seems that the main part of the tetra 


Asa 


consequence, one should expect to find the ordinary first stage 


gonality is caused by some other factor, e.g. coherency. 


of tempering in low-carbon steels as well as in steels of higher 
this 
carbide in a ternpered 0-18°.C steel by Modin’® 


earbon content. In connexion, the observation of e€ 


may be worth 


noting 


Authors’ replies 
Dr R. G. Baker wrote: We are very pleased to hear from Dr 


Andrews that his work agrees fairly closely with our own, Our 
evidence for the presence of e-carbide is largely circumstantial 
and in fact we were unable to get satisfactory X-ray or electron 
diffraction evidence of the structure of the carbide which was 
present However, we feel that there must be, if not e carbide, 
other 


further 


then some intermediate carbide which is changing to 


should 


Dr Andrews for drawing our attention to his work 


cementite on tempering. We like to thank 
The heat-treatments used are given in Appendix I to the 
We cooled at 300 ( 


temperature of 960 ¢ 


paper, p.267 h from the heat-treatment 


to get a normalized condition, since the 
specification for this type of steel is that it shall be cooled 
and 400 C/h 


In reply to Dr Glen, we felt 


bet ween 200 
stress relieving’ to be a mis 
that 


relieved but because we thought that the predominant changes 


nomer not because we did not believe stresses 


were 


were due to tempering, so that the term ‘stress relieving’ was 


rather misleading. We believe that the optimum tempering 
treatment on the normalized steel is not necessarily that which 
gives the highest initial high-temperature strength but that 
which gives the maximum strength consistent with thermo 
dynamic stability during creep. This is the essential difference 


in behaviour between the quenched and tempered and the 
normalized and tempered steel; the latter has much greater 
thermodynamic stability for a given 


tempering treatment 


although its initial strength may be lower. We cannot see how 
the steels of this type, in which most of the precipitation of 


molybdenum carbide appears to have occurred, could have 
much latent creep resistance left 

In reply to Dr Hughes, we used the technique of fluorescent 
analysis on the extraction replicas, realizing that it had certain 
drawbacks but feeling that it was better than the alternative 
method of electrolytic extraction and fluorescent analysis of 
the extracts. It is possible to calibrate the method which we 
used and we have now done this for a limited range of compo 
sitions, but unfortunately not in time to include the results in 
the paper The results are merely expressed as a percentage ot 
the counts received without any correction for absorption and 
the various other errors present. If the corrections are made, 


the figures for chromium are substantially raised and we 
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believe they will be comparable with those obtained by Dr 
Hughes. 

We should like to thank Mr Pickering for his kind remarks 
and for his most interesting written discussion. He notes that 
fringes of Mo,C and V,C, are likely to form at the slower rates 
of cooling and we believe this observation to be consistent with 
the mechanism we 
Mo,C. 
had formed in a steel containing vanadium after air cooling 


proposed to explain the formation of 
In an earlier paper’® we reported V,C, fringes which 


from 1150°C and then tempering at 600°C 

We confirm Mr Pickering’s remarks concerning the greater 
suitability of tempered bainitic structures for use at high 
temperatures. From the results of this paper it seems likely 
that fully a greater thermo 


dynamical stability than the tempered martensites. Thus they 


bainitic structures should have 
should have better long-time creep characteristics. 
Dr H. W. King and Dr S. G. Glover wrote: We wish to thank 


Dr Andrews and Dr Hillert for 


generalized scheme of tempering is, we believe, as depicted by 


their valued comments. The 


Dr Andrews. It is difficult, however, to determine the complete 


sequence under a particular set of conditions for usually one of 
the steps predominates and others, if they occur, may do so 
either too slowly or too rapidly to permit detection. Over- 
simplification is the almost inevitable consequence. Thus stage 
la may precede the others under all conditions of carbon con 

tent and tempering temperatures but we do not know this. 
Also it is probably true that e-carbide and cementite are false 
distinctions when applied to precipitates in thin plate form; 
the somewhat puzzling conflict of recent evidence on car 

bides in aged ferrite is perhaps testimony of this. Nevertheless 
the changes in direction of the 100° and 120°C tempering curve 
for our 0-69°.C steel noted by Dr Andrews arise, according to 
the most reasonable assumptions based on earlier diffraction 
data, from the transition le to 3. 

Dr Hillert has pointed out, from an examination of the 
somewhat incomplete data listed in Table LI of our paper, that 
the activation energy of the first-stage process is initially 
rather low and increases rapidly as tempering proceeds. How 
ever, a study of the complete data reveals, as demonstrated in 
Fig.7 of our paper, that after the initial increase the activation 
energy approaches a constant value which is maintained until 
the onset of the third stage of tempering. It is this ‘steady- 
state’ activation energy which we have evaluated for the seven 
plain carbon steels. It is of interest to note that in spite of the 
relatively large scatter, the data of other investigators quoted 
by Dr Hillert in his Fig. Y also show this trend in approaching 
some constant value as the reaction proceeds, in particular the 
precise data of Kurdjumov and Lyssak. Further, these ‘steady 
state’ values of activation energy agree closely with our data 
when plotted against the carbon content of the martensite, as 
shown in our Fig.8. Since the reason for the low initial activa- 
tion energy of the process and its subsequent increase to some 
steady value appears to be of considerable interest, we shall 
deal with it in detail 

Some years ago Kurdjumov and Lyssak™: !° suggested that 
these peculiar characteristics of the first stage of tempering 
may be understood by considering a mechanism based on the 
Thomson-Freundlich formula: 

s 2 yr 
a = . s+ s() 
8a KT pr 
in which r is the radius of the precipitated particle, sg the 
saturation concentration of carbon in the prunary martensite, 
8 the saturation concentration of carbon in the precipitate, 
and pz. p, and 7 its molecular weight, density, and surface 


tension respectively mechanism, the 


kinetics of the first-stage process should be controlled by the 


According to their 
formation of nuclei of e-carbide, the growth of which is re 
stricted by the formation around them of a narrow zone where 
the carbon content of the original martensite has been depleted 
of the bulk of the 
martensite matrix would thus remain unchanged, in accord 


to a limited extent. The carbon content 


ance with observations mentioned above. Since diffusion was 
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discounted in their mechanism, the rapid growth of a particle 
would be possible only so long as the martensite adjacent to 
the e-carbide nucleus is saturated with carbon relative to the 
precipitate; i.e. the carbon content exceeded s in equation (1). 
Although they originally suggested,’ on the basis of the earlier 
work of Kurdjumov and Sachs,” that this mechanism applied 
to the entire first stage, their later experimental results!? 
show that the predicted reaction-kinetics apply only to the 
initial moments of tempering 

The mechanism of Kurdjumov and Lyssak has tended to be 
forgotten since Roberts et a/.2 and Lement and Cohen® have 
introduced mechanisms for the first-stage process based entire 
ly on the diffusion of carbon through the martensite. Owing to 
the particular method used by Roberts et al. to study temper- 
ing, they were unable to follow the very early stages; hence, it 
is not surprising that these authors dismissed nucleation as a 
controlling mechanism. Nevertheless, the evidence from elec- 
tron microscopy 18 shows that the first stage of tempering takes 
place by the limited growth of a large number of nuclei of 
e-carbide, in contrast to the extended growth of relatively few 
nuclei in other precipitation processes. Hence, in its initial 
moments at least, the first-stage process must be controlled 
more by the number of nuclei of €-carbide forming in unit 
time, per unit volume, according to the conditions of equation 
(1), than by the diffusion of carbon through the martensite 
Thus we suggest that the low initial activation energy of the 
process is to be associated with the formation of nuclei of 
e-carbide which, as discussed in our paper, maintain lattice 
coherency with the martensite matrix. Once the carbon con- 
tent of the martensite in the zones surrounding the e-carbide 
particles is depleted to below the value of s in (1), it will 
become essential for carbon to diffuse through the bulk of the 
martensite in order to maintain the reaction. Hence, the acti- 
vation energy will be expected to increase to some steady 
value which may be associated with the diffusion of carbon in 
martensite. Since the carbon content of the bulk of the mar- 
tensite will be unaffected by the initial localized precipitation 
of e-carbide, it is in order to associate the steady-state activa- 
tion energy with the diffusion of carbon through the primary 
mnartensite. 

Dr Hillert has compared our expression for the dependence 


of the activation energy for carbon diffusion in 


martensite 
(Q,.) on carbon content with that which he has derived theo- 
retically. The latter is based on Zener’s calculation of the 
energy difference, U, between two neighbouring interstitial 
sites in martensite of carbon content c, due to the tetragonality 
of the lattice. This is given as NU =6700c cal/mole, N being 
Avogadro’s number. In arriving at the increase in Q, due to 
the tetragonality, Hillert assumes that the increase in the 
height of the energy barrier between the neighbouring lattice 
sites is 4U. Thus the quantity to be compared with the 
8 500c of equation (3) of the paper is NU /2 =3400c rather than 
1700c which is the latter divided by the gas constant and is the 
form in which the constant correctly enters the equation for 
the diffusion coefficient of carbon in martensite in Hillert’s 
original presentation.® The remaining discrepancy of a factor 
of 2 or 3 does not, we consider, offer a serious challenge to our 
experimental values for Q, in view of the uncertainties of the 
theory. Finally, on this subject, we should like to emphasize 
that, for reasons given in the last paragraphs of the paper, we 
do not associate the term 18000 cal/mole in equation (3) with 
the activation energy for carbon diffusion in ferrite as is tacitly 
ascribed to us 

The second point raised by Dr Hillert in his careful appraisal 
concerns the tempering of low-carbon martensites. We agree 
with him that some tempering must have taken place in the 
0-19°,C steel during the quench and admire his ingenious 
correlation of the degree of such tempering, carbon content, 
and specimen size presented in Fig.Z. However, it seems 
doubtful whether this would remove two-thirds of the original 
earbon from solid solution and even if this amount were pre- 
cipitated during the quench, it does not follow deductively 
that the remainder will undergo first-stage tempering. Our 
proposal that the martensite in this steel undergoes a form of 














strain-ageing was based not only upon the resistivity change 
being anomalously feeble but also on the observed initial time 
exponent of 2/3. 

Dr Hillert’s alternative interpretation of the diffraction 
results points strongly to the so-called ‘low-carbon martensite 
having a carbon content considerably below the previously ac- 
cepted 0-25%,. This, together with the detection of e-carbide ina 
tempered 0-18%C would the 
obstacles to ascribing the resistivity decay in our 0-19°,C steel 


martensite, remove main 
to normal first-stage tempering. The question is whether this 
would be correct, for the points made by Dr Hillert do not so 
much invalidate our proposal as suggest that it is unnecessary 
to make a distinction between the tempering mechanism in 
steels according to whether the carbon lies above or below 
0-25%,. Experimental evidence is lacking but it might be 
speculated that, as proposed for ferrite,’® carbon segregates to 
dislocations and, when the initial carbon content is low, only 
after the matrix has already been largely drained of carbon 
does e-carbide form. 


Dr J. L. Aston: [I should like to thank those who have con 
tributed to the discussion for their helpful remarks 

In reply to Dr Glen I have not carried out tests of this type 
on any steels except those for which results are quoted. 

As a result of the suggestion by Dr Andrews I have used the 
hardness results to plot log t against the reciprocal of the 
absolute temperature. The results for steel A (3°,Ni) are not 
suitably distributed for this, but do not suggest a series of 
parallel lines. Steel B (0-4°,C-1-4°,Mn) has a better distribu 
tion of data, and the points are sufficiently near to representing 
a series of parallel lines for the value of the activation coeffi 
cient to be determined as 72 « 10° cal/mole. Steels C (0-47°,C) 
and D (0-46%C-1-00°%Cr) are well represented by parallel 
straight lines, especially the latter. The activation energies are 
68 « 10° and 77 x values are 
clearly different from those obtained by King and Glover, but 
they relate to much fuller tempering. 


10° cal/mole respectively. These 


Dr Andrews also asks about the empirical relationships 
which were determined for properties in terms of tempering 
temperature and time. These were taken out of the paper in 
the interests of brevity, but I quote three here, as examples. 
Time is in seconds, and temperature in °C 

Steel C (0-47°%C) 

Interpolation range: 5 s-1 day 400—700°C 

Hardness (DHN) 

326-32(log ,9t—2-8) —0-75(@-550) + 0-07 (log ,gt—2-8).(0-550) 
The coefficient of the term in log,,t.@ is significant at the 







Correspondence on the paper 


Professor R. A. Mott (University of Sheffield) wrote: When 
writing this interesting paper Dr H. R. Schubert* was unable 
to see my paper ‘Coalbrookdale: 1709’.! In this I dealt with 
some of the doubts which Dr Schubert expressed, e.g. the 
statements of Abiah Darby and Samuel Smiles. He will also, 
no doubt, now have seen that what he terms the ‘serious 
objections’ of Flinn? have been dealt with in my rejoinder,® 
where they are shown to be both trivial and misleading. 

Dr Schubert suggests that some of the coal supplied to Coal- 
brookdale in 1709 was used for house-heating, some in the 
drying and curing of malt, and some for the manufacture of 
brass. He concludes that ‘until more evidence is unearthed, it 
is impossible to fix a precise date for the first successful 
application of coke as a fuel for iron-smelting’. This view must 
be refuted 





*H. R. Scuusert: JISI, 1959, 193, Sept., 1-5 


Abraham Darby and the beginnings of the coke-iron industry” 
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5% level but not at the 1% level. The others are significant at 
the 0-1% level. 

Residual standard deviation= 17 DHN 

Reduction in area (%)=48-5+4-3-7(log, t—2-8) + 0-07 

(6-550) — 0-01 (log, 9t—2-8).(6-550) — 1-1 (log,gt—2-8)? 

The coefficient of the term in log, t.6 is just significant at 
the 5% level. The coefficient of the term in (log, t)? is signifi 
cant at the 5%, level, but not at the 1% level. The others are 
significant at the 0-1% level. 

Residual standard deviation =3-1%. 

Steel D (0-46%C, 1-00°,Cr) 

Interpolation range: 4s—6 days 400—700°C 

Hardness (DHN) = 386—29-6(log,,t—3-15) 

0-O5(Llog ,t—3-15).(8-550) 

The coefficient of the term in log ot 


0-75 (8-550) 

6 is significant at the 
0-1°%, level, as are the others. 

7:6 DHN 


Residual standard deviation: 
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In the Coalbrookdale Company’s Stock Book for 1718~-27* 
there are records for four-weekly periods of the delivery to the 
old and new blast-furnaces of large coal (which was coked) 
and lump coal (presumably for roasting the ore), of large (and 
some lump) coal to the air-furnaces (where pig iron was re- 
melted for smaller castings), and of deliveries under ‘general 
charges’ which are identified in other entries as being ‘to ye 
houses’ of Mary Darby (two periods only), John Darby, 
Thomas Baylies, and Richard Ford. In 1719 (O.8.), the first 
full year of the records, coal ‘to ye houses’ amounted to only 
1-25% of the total deliveries. Since any coal delivered for malt 
making or brass-making would be included in ‘general charges’, 
it is clear that in 1718-27 the amount of coal supplied other 
than to the blast-furnaces and air-furnaces was negligible. 
There is no reason to suppose that such is not the case for 
1709. 

In fact it cannot be true, as Dr Schubert suggests, that ‘coal 
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or coke was absorbed in the drying and curing of malt’. Malt 
was made in England at that time by soaking barley in water, 
allowing it to ripen, and then curing (or drying) in a coke-fired 
furnace. At 1708-9, malt was 
purchased, not made, as Dr Schubert himself records. Similarly 


Coalbrookdale in however, 
the brass (used for small patterns) was purchased in 1709 (and 
later). Moreover, Schubert fails to note that in using a rever 
beratory furnace for making calamine brass (as Abraham 
Darby did at Bristol) it was essential to put the raw materials, 
copper, roasted calarmine (ZnO), and charcoal, into closed pots, 
the process being one of reduction. Schubert describes the 
furnace as one for the smelting of lead or copper ore; in fact it 
could not have been used for making brass, for which access 
above the furnace for the insertion and extraction of the pots 
was essential. 

In 1709 Abraham Darby purchased ‘coles’ at a cost which 
accounts for 862 stacks (1510 tons), the units of measurement 
showing it to have been mineral coal; he made 90 tons of iron 
giving a ratio of 16 tons of coal per ton of iron which is similar 
to that which obtained in 1723, when it cannot be disputed 
that only coke was used in the blast-furnaces. There are no 
entries in the accounts® for the purchase of cords of wood or 
for the charges for cutting, cording, ‘coling’, and transport in 
dozens and baggs’ such as occur in the records for 1720-224, 
when charcoal was used in the forge. If Abraham Darby had 
used charcoal his rate of production in 1709 would have been 
over 10 tons/week instead of the value of 2-1 tons/week which 
we know he actually obtained. Moreover, his process would have 
been uneconomic because of the high, and known, price of 
charcoal and the prices he received for his products. Further 
more, he could not have made successfully the wide range of 
thin castings which we know he made and which required the 
higher silicon content of coke-iron compared with that of 
charcoal-iron. 

The patent of 1695 for smelting ‘with pitt coales or sea 
coales charked’ is of no significance since the assessment made 
at that time was whether the patentee had put his patent to 
use. In any case, Abraham Darby was covered by his own 
patent. 

In conclusion it may be said that the subject demands a 
book for the critical consideration of the evidence and of the 
That 


people were sufficiently interested to attend the meeting at 


objections, usually trivial, so often raised. over 250 


Birmingham suggests that there is wide interest in the subject. 


Since this English enterprise of 250 years ago had more influ 
ence than any other single industrial development, it seems 
appropriate that it should be adequately documented by such 
means 


AUTHOR'S REPLY 


Dr H. R. Schubert wrote in reply: The numerous assumptions 
Dr Mott paper 


his constant use of 


and 
terms such as ‘presumably’, ‘likely’, 
“must be’, ete do not 


makes in his read at Birmingham 


‘probably’, make his conclusions 
any more convincing than his previous papers. In addition, 
he still from the method of 


using accounts for the period after 1718 to illuminate the 


does not refrain dangerous 
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account of 1709. Such a method sometimes has a rather per 
plexing effect. The ‘wood coller’, who worked for 17 days in the 
second blast of 1709 would normally be taken for a charcoal 
burner, which, however, would disagree with Mott’s assump 
tion that no other fuel but coke was applied for smelting. Thus 
the collier’s activity, according to Mott,’ was confined to the 
making of fagotts, i.e. hurdles required as wind shields for coke 
heaps. This he explained by quoting an entry of 1732 referring 
to a ‘wood coller’ who made such faggots at such a date. But 
this later collier also made charcoal. 

In his so-called ‘rejoinder’* Mott has not succeeded in any 
way to invalidate Flinn’s objections. Starting with the ancient 
Greeks and Romans he traces superficially the development of 
the terms used for coal, and arrives at the conclusion that to 
the people of Shropshire at the end of the 17th century ‘coles’ 
must usually have meant mineral coal. This is contradicted by 
an assignment of 23 Feb. 1719/20 referring to a share in the 
stocks of Weighton furnace, in Shropshire, close to Coalbrook 
dale, ‘consisting of ready money, metall, coles, cordwoods, and 
utensils’.? Weighton furnace was still operated exclusively 
with charcoal in 1755 at which date Reinhold Angerstein, as 
official of the Jernkontoret at Stockholm, visited the works. 
Mott’s argument® that ‘in the mineral coalfields the unquali 
fied term meant mineral cole by the end of the 17th 
be maintained. In the South Wales coal- 
fields, e.g. at Llanelly and Pontypool, in 1704 ‘cole’ stands for 
charcoal while mineral coal is termed ‘stone coal’. There are 


“cole” 


century’, cannot 


other examples of similar terms. In any case, the term ‘cole’ 
cannot be used as Dr Mott uses it, as an argument for an exclu 
sive application of mineral coal coked of charcoal. 

It is difficult to understand why he turns the charcoal blast 
furnace at Dolgyn near Dolgelly, Merionethshire, into ‘an air 
(reverberatory) furnace to remelt pig iron for cast ings.”! It is in 
complete disregard of the facts, laid down in Kolsall’s Diary 
The furnace was not built in 1719, in the spring of which the 
first campaign producing 446 tons of pig iron began, but 
building began in the early summer of 1718. There are many 
references to hearth, tuyére, and boshes (still visible in the 
ruins). In the subsequent campaigns pig iron was produced 
exclusively, but not castings. 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 


President-Elect 

At a meeting of the Council of The Lron and 
Steel Institute held on 13 July 1960, it was 
agreed unanimously to propose Sir Charles 
GOODEVE, 0O.B.E., D.SC., F.R.S., for nomination 
as President-Elect of the Institute at the 
Autumn General Meeting in November. Subject 
to election at the Annual General Meeting in 
May 1961 Sir Charles will then succeed Mr W. F. 
CARTWRIGHT as President and will thus be in 
office at the time of the Institute’s proposed 
Special Meeting in the USA in October 1961. 


Changes on Council 


The following changes were announced after 
the meeting of Council on 13 July: 
Vice- Presidents 

Mr W. C. Bey (Member of Council) manag 
ing director iron- and steelworks, Stewarts and 
Lloyds Ltd. 

Professor A. G. QUARRELL (Member of Coun 
cil) professor of metallurgy, 
Sheffield. 

Honorary Vice- Presidents 

Major W. R. Brown, (Member of 
Council) director, Ashmore, Benson, Pease and 
Co. Ltd. 

Mr T. Jory (Member of Council) joint 
managing director, Guest Keen Lron and Steel 
Co. Ltd. 

Members of Council 

Mr M. A. Frennes (Member) 
director, Davy United Ltd. 

Mr G. Wilton Lee (Member) chairman and 
managing director, Arthur Lee and Sons Ltd 

Mr P. M. Tuomas (Member) managing 
director, William Beardmore and Co. Ltd. 


The Medal of The Iron and Steel Institute 
Phe Council of The Lron and Steel Institute has 
established a new gold medal, to be known as 
‘The Medal of The Iron and Steel Institute’ 
This Medal is to be presented on special ocea 
sions to societies which, in the opinion of the 
Council of the Institute, have rendered excep 
tional service to science or industry over a 
lengthy period. 

The first Medal of The Iron and Steel 
Institute was offered to the Royal Society, in 
recognition of the Society’s unique service to 
science over a period of 300 vears. 

It was presented by the Hon. R. G 
LYTTELTON, Past-President of The Lron and 
Steel Institute, at the Tercentenary Celebra 
tions of the Royal Society on Monday, 18 July 
1960, 


iron and Steel Institute Prize 1960 

lhe Iron and Steel Institute prize of 10 gns 
has been awarded to Mr Neri J. CAVAGHAN, 
B.MET. (HONS) of the University of Sheftield. 


NEWS OF MEMBERS 


Mr G. H. Davison has retired from the post 
of secretary of the research and development 
department of The United Steel Companies 
but continues to serve in an adv sory Capacity. 

Mr R, Fannon is now at the head oflice of the 
General Dynamics Corporation in Chicago. 

Mr A. F. Jessop has been appointed manager 
of the Appleby melting shop of the Appleby 
Frodingham Steel Company. 

Mr R. Johnson has been appointed melting 
shops manager at the Appleby-Frodingham 
Steel Company. 


University of 


D.8.0. 


managinyp 


Mr T. 8. Kilpatrick has been appointed 
director and general manager of Steel, Peech 
and Tozer 

Dr A. B. Kinzel has been elected a member 
of the US National Academy of Sciences 

Mr J. D. D. Morgan has been appointed to 
board of the British Welding 
tesearch Association 

Mr W. L. Willsher has 
manager of the Frodingham melting shop of 
the Appleby-Frodingham Steel Company 

Mr R. Wogin has been appointed assistant 
works manager (steel) at the Appleby-Frod 
ingham Steel Company 


the research 


been 


appointed 


Obituary 

Professor Kurt Henrik Amberg (elected 1954) 
of Stockholm, in November 1959 

Karl Anders Fredrik Géransson (elected 1926) 
of Sandviken, Sweden, on 13 June 1960. 

Dr Earle Clement Smith (elected 1925) of 
Cleveland, Ohio, USA, on 20 May 1960 


AFFILIATED LOCAL 
SOCIETIES 


Ebbw Vale Metallurgical Society 


At the annual general meeting of the Society 
on 9 June, R. C. Powell, B.sc. 
Other elections were 


was elected 
president 


Mr W. F. Cartwright, D.L., J.P 


(President of The 
the Federico Giolitti Steel Medal from Professor 


Announcements and News of Science and Industry 


Lewis 

Treasurer L. G. Hobbs 

R. M. Bethed, J. B 
Davies, P. T Edwards 
Ellis, 1. Giddings, D. J 
Jones, B.SC., 1. Meo, D. L. Mills, J. T. Mills, 
H. Padget, J. H. Powell, m.c., J. F. Smith, 
J. B. Thickens, B.sc., W. B. Williams 
retaries D. W 
Williams 


Vice-President F. W 
Honorary 

VWembers of Committee 
Davies, M.sc., T. E 
W. G. Edney, A. W 


Joint se 


a 


Evans, B.sc., and 


Staffordshire Iron and Steel institute 

Officers and Council elected for the year 1960 

61 are 
President F 


Senior Vice 


V. Wright 
President KE. B. Gibbons, J.P 
dent G.T Hampton 


Jump, H. E. C 


Junior Vice- Pres 

Trustees P. 
W.H 

Hon N.S 

Hon. treasurer G. 

Vembers of ouncil s. 
PH.D., M.sc., W ‘ . Gale, F. A 
G. B. Forster, B.sc., M. Lloyd, H. J. E. Jonea, 
M.C., B.A., L. Harper, T. H. Morfey, C. Mac 
quarie, B.sc., G. Harrison, J.P 

Members of Council (past presidents) A 
Biddulph, K. H. Wright, K. G Lowis, M.S¢ 
u.sc.(vTecu), A. W. Shore, W. H. B 
T.p., L. W. Law, M.A. 

Secretary G. Riley. 


oOoKSsOn, r.D., 
Lewis 
tuditors nes and L. Chater 
Walker, 
Meachem, 


W ess8on, 


Iron and Steel Institute) receiving 


Felice De Carli (President of the 


Associazione Italiana di Metallurgia) at the Joint Meeting in Milan in May 
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BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Staff appointment 


Mr W. E. Duckworth, m.a., A.1.m., has been 
appointed Head of the Metallurgy (General) 
Division of BISRA. A graduate of Queens’ 
College, Cambridge, Mr Duckworth has 
specialized in corrosion and fatigue problems 
in cables and overhead electrical fittings, and 
before taking up his present post he was 
manager of a research department which 
included a chemical laboratory, metallurgical] 
and process control sections, and an opera- 
tional research section. He later became 
manager of an operational research depart- 
ment. Mr Duckworth has published papers on 
powder metallurgy, fatigue, wear of metals, 
and on statistical and operational research 
subjects. 

Professor G. Wesley Austin, 0.B.E., M.SC., 
F.1IM., will continue to act as consultant to 
the division 


industrial training in operational research 


The introduction of a graduate apprenticeship 
scheme for specialized training in operational 
research was recently announced. The purpose 
of the scheme is to train recruits not only in the 
specialist techniques, but also in the practical 
art of applying these methods to actual 
industrial] problems. 

During the two-year course the apprentice 
will be regarded as a temporary member of 
BISRA staff at a salary of £700 per annum at 
the age of 21, with an extra £15 per annum for 
each year above that level. Training will con- 
sist of day-to-day experience as a member of a 
team engaged on actual problems in the steel 
industry followed by a more formal course in 
techniques, arranged in collaboration with the 
London School of Economics. The course will 
culminate in an examination for the Diploma 
in Operational Research recently instituted by 
the London School of Economics. The basic 
qualification for an apprentice is a good degree 
in @ pure or applied science, mathematics, or 
statistics. 

Further particulars, including an explana- 
tory leaflet, can be obtained on application to 
BISRA’s Personnel Officer at 11 Park Lane 
London WI. 


investigation proposed by Corrosion Advice 
Bureau 


During the last twenty years the use of sprayed 
metal coatings of aluminium or zine to protect 
structural steelwork has grown in importance, 
and this method of protection is now fre- 
quently specified by consulting engineers for 
structures to be erected both at home and 
abroad. So far as is known, satisfactory results 
have been obtained in the majority of cases, 
but recently there have been several instances 
of premature failure of the protective scheme 
in important structures treated in this way. 

These observations have led to doubts re- 
garding the merits of sprayed metal coatings 
beneath paint for the protection of structural 
steel. It is, therefore, important to clarify the 
position and lay down the conditions under 
which properly chosen and well applied com- 
posite protective schemes of sprayed metal 
coatings and paint can be relied on to protect 
steel satisfactorily for specified periods. 

BISRA, through its Corrosion Advice 
Bureau, is taking the initiative in doing this, 
by organizing a collaborative investigation 
with the financial support of all who may be 
interested in the subject. Direct approaches 
have been made to the various trade associa- 
tions and professional bodies concerned, but 
any others, including individual firms, who 
would like to participate are invited to write to 
the Secretary, Corrosion Advice Bureau, 
BISRA, 140 Battersea Park Road London 
SWI. It is envisaged that a total fund of 
£5000 will suffice for the purpose of the re- 
search, and the subscriptions already made or 
promised render it probable that this amount 
will be raised. 


THE INSTITUTE OF METALS 


Autumn meeting 

The Autumn meeting of the Institute will be 
held in Bath from Monday to Friday, 5-9 
September 1960. The reception committee 
under the chairmanship of Mr D. M. G. 
Sneddon, general manager of the Lmperial 
Smelting Corporation Ltd, Avonmouth, has 
arranged an attractive programme. There will 
be technical sessions on engineering properties 
of nickel-base alloys; lubricants for cold rolling 
aluminium; the relative merits of extrusion 
and other methods for the manufacture of bar, 
rod, and wire rod; and magnesium alloys for 
fuel-element components. ; 

On the final morning the Autumn lecture on 
‘Metals and the world of engineering struc- 
tures’ will be delivered by Professor Sir Alfred 
Pugsley, 0.B.E., D.S8C., F.R.S. 

Full details may be obtained from the 
Secretary, 17 Belgrave Square London SW1. 


VEREIN DEUTSCHER 
EISENHUTTENLEUTE 
Death of Dr.-Ing. A. Ristow 


The death has been announced in Disseldorf of 
Dr.-Ing. Arno Ristow, technical secretary of the 
various steelmaking committees of the VdEh. 

Dr-Ing. Alfred Mund, of Fried. Krupp, 
Essen, has taken over business management of 
the steelmaking committees while remaining 
at Fried. Krupp. 


CONTRIBUTORS TO THE 
JOURNAL 


8. A. Lewitt, 8.sc.(eNG.), M.1.£.£. — Chief 
electrical engineer, John Summers and Sons 
Ltd, Shotton (Contributor to the July Journal). 

Sidney Alfred Lewitt joined the English 
Electric Company Ltd, Stafford, in 1931 as an 
engineering apprentice, and later transferred 
to the company’s special engineering staff. He 
joined John Summers in 1937 as assistant 
electrical engineer, to work on the hot and 


S. A. Lewitt Dr R. M. Goldhoff 


cold strip mill development which was then 
starting. He was appointed to his present post 
in 1945. 


R. M. Goldhoff, u.s., pH.p. —- Applied research 
metallurgist, General Electric Company, New 
York. (Contributor to the July Journal.) 

Robert M. Goldhoff was educated at the 
University of Cincinnati and the Ohio State 
University. After military service in the Sec- 
ond World War he joined the Dayton Malle- 
able Iron Company as a foundry metallurgist. 
In 1950, after receiving his M.s. degree, he 
joined the Battelle Memorial Institute as re 
search associate in physical metallurgy. He is 
at present carrying out research on high-tem 
perature metallurgy with the Large Steam- 
Turbine-Generator Department of the Genera] 
Electric Company. His recent published works 
concern extrapolation of short-time high 
temperature data. 


8. Yukawa, PH.p.— Applied research metal 
lurgist, General Electric Company. (Contributor 
to the July Journal.) 

Sumio Yukawa was awerded his pH.p. by 
the University of Michigan in 1954. He then 
joined the Materials and Processes Laboratory 
of the Large Steam-Turbine-Generator De 
partment of GEC as metallurgist and was 
recently appointed supervisor, metallurgy 
applied research. He is principally concerned 
with problems of brittle fracture in alloy steels. 
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Dr S. Yukawa Dr J.S. McMullin 

J. G. McMullin, sc.p. — Supervisor of alloy steel 
research, Crucible Steel Company of America, 
Pittsburgh, Penn., USA. (Contributor to the 
July Journal.) 

John G. McMullin was born in Huntingdon, 
West Virginia, and attended public schools 
there before entering the Massachusetts 
Institute of Technology where he received his 
B.S. degree in 1943, then entered the US Army. 
He returned to the MIT after the war and 
gained his further degrees. He was with the 
General Electric Company from 1952 to 
1959, when he took up his present post with 
the central research laboratory of the Crucible 
Steel Company of America. 


R. C. Rooney, a.&.1.c.—Research Staff, British 
Cast Iron Research Association, Alvechurch, 
Birmingham. 

Ronald Charles Rooney was born in 
Birmingham in 1931 and educated at Saltley 
Grammar School and the College of Techno- 
logy, Birmingham. He gained his A.R.1.c. and 
A.C.T.(BIRM.) in 1953. Since 1956 he has been 
on the research staff of the British Cast Iron 
Research Association working on the develop- 
ment of new analytical procedures, with 
particular reference to trace element analysis. 
Mr Rooney specializes in instrumental methods 
of analysis, and is a committee member of the 
Polarographiec Society. 


E. M. Summers 
eral Manager 
works), The Stanton 
Ironworks Company 
Ltd, nr. Nottingham. 

Edward Merrett Sum 
mers was educated at 
Kettering Grammar 
School, Wellingbor 
ough Technical Insti 
tute, and Leicester 
College of Technology 
In 1930 he joined the 
Wellinboro’ Iron Com 
pany Ltd, which was 
acquired by Stanton 
in 1932. After various 
appointments with the Stanton Mr Summers 
became blast-furnace manager at the com 
pany’s Holwell works in 1940, and genera! 
superintendent of the works in 1949. He was 
appointed furnaces’ general manager to the 
company in 1953 and took up his present 
position in 1958. 

Mr Summers is a member of The Lron and 
Steel Institute, and a member of council of 
BISRA and chairman of the lronmaking 
Panel. 


Gen 
(Iron 


E. M. Summers 


EDUCATION 
Courses at Borough Polytechnic 


[The Division of Metal Borough 
Polytechnic, Borough Road London SE1, has 
announced some special evening courses for the 
winter term, 1960-61. These include: Recent 
developments in electrolytic metal finishing; 
Refractories: their manufacture, properties, 
and uses; Metallurgy of semi-conductors. 

Another course, ‘Corrosion and protection 
of metals’ will be run on one afternoon and one 
evening each week throughout the session. At 
the end of it, students will be able to sit for the 
Polytechnic Certificate examination. Further 
details are available from Mr G. Isserlis at the 
Borough Polytechnic. 


Science, 





Post-doctoral fellowships in Australia 


\ small number of post-doctoral fellowships in 
the field of nuclear science and engineering will 
be awarded to British subjects holding the 
degree of PH.D. or equivalent. Fellowships will 
be tenable at any Australian university or with 
the Institute at Lucas Heights, NSW. Prefer- 
will be given to eandidates whose re 
search projects require use of the facilities 
available at the research establishment of the 
Australian Atomic Energy Commission. Initial 
tenure will be two years starting in the second 
part of 1960, and extensions to a total period 
of three years may be granted. Emolument 
will be not less than A£1750 per year and funds 
for equipment and other expenses may be 
provided. 

Nominations by universities or other insti 
tutions, or applications by qualified candi 
dates will be received by the Institute up to 
31 August 1960. 

Further enquiries should be addressed to the 
Scientific Secretary, Australian Institute of 
Nuclear Science and Engineering, Private 
Mail Bag, Post Office, Sutherland, NSW, 
Australia. 


ence 


National certificates and dipiomas in 
metallurgy 


A new scheme for the award of Higher 
National Diplomas in Metallurgy has 
arranged by the Ministry in conjunction with 
The Lron and Steel Institute, the Institution of 
Mining and Metallurgy, The Institute of 
Metals, and The Institution of Metallurgists. 

The will be awarded on the 
successful completion of approved three-year 
sandwich or full-time suitable for 
students who have had full-time education, 
including the study of chemistry, physics, and 
mathematics, up to the age of 18, or have been 
in regular employment for at least two years 
with coneurrent part-time instruction up to 
Ordinary National Certificate standard in 
chemistry, physics, and mathematics. 

Rules 111 (1955) which set out the arrange 
ments and conditions for the award of National 
Certificates in Metallurgy have been revised to 


been 


diplomas 


courses 


include particulars of the new scheme, and 
copies are available from the Ministry of 
Education, Curzon Street London W1. 


FORTHCOMING CONFERENCES 
AND EXHIBITIONS 


Technical and industrial exhibition at 
Charleroi 


The fourth EITL (International Technical and 
Industrial Exhibition) will be held from 15 to 
26 September 1960 in the Palais des Exposi 
tions, Charleroi, Belgium. This year it has been 
decided to devote the exhibition exclusively to 
specialized industrial and technical products. 

In conjunction with the exhibition, the 
Association Belge pour Favoriser l’Etude des 
Verres et des Composés Siliceux is holding a 
special ‘journée’ on rnoinerals, agglomerates, 
and refractory materials. Further details are 
available from the oftices of the Association at 
13 Rue des Poissonniers, Brussels 


Symposium on automatic control 


he Institution of Mechanical Engineers is 
arranging for the British contribution to the 
First International Congress of the Inter 
national Federation of Automatic Control, 
held in Moscow from 27 June to 7 July, to be 
liscussed at a symposium in London on 27 
and 28 September 1960. Besides discussing the 
29 British papers it is planned to report briefly 
the more important contributions to the 
Moscow congress 

Preprints of the British papers are available 
and will be supplied to those registered to 
attend the symposium. A list of the papers 
together with registration forms is available 
from the Secretary, The Institution of Mech 
anical Engineers, 1 Birdeage Walk 
Swi. 


London 


Conference on clean air 


The 27th annual conference of the National 
Society for Clean Air will be held at Harrogate 
from 5 to 7 October 1960. The conference will 
include two sessions for the presentation and 
discussion of reports on the into the 
working of the Clean Air Act now being made 
by the Society by means of a questionnaire t 
all authorities. There will also be an address by 
Sir Keith Joseph, m.p., Parliamentary S« 
tary to the Minister of Housing Local 
Government, the presidential address by Sir 
Hugh and the Des Voeux Memorial 
Lecture by Sir Linton An vs. The Clean Air 
Exhibition which be held in conj 
with the conference be 
practical value and interest to all 
Registration forms and further 
available from the secretary of the 
Palace Chambers, Bridge Street Londo 


imquiry 


and 
Seaver, 


inction 
siderable 
egates 

details are 


Ssociet 


Effluent and water treatment 
exhibition and convention 


What is believed to be the first exhibition and 
convention of its kind is to be held at the 
Seymour Hall, Seymour Street London W1, 
from 18 to 21 October 1960. Papers to be pre 
sented at the convention include subjects such 
as biological treatment of industrial wastes, 
river pollution prevention in Scotland, pump 
ing, the application of polarography to the 
analysis of sewage and industrial wastes, prob 
lems of design in effluent treatment 
coastal pollution, disposal of radioactive 
effluent, and water softening for industrial and 
domestic purposes. Further details ar 
able from P. I. Craddock, Press and Informa 
tion Officer, Thunderbird Enterprises Ltd, 140 
Cromwell Road London SW7 


piants, 


»btain 


Australian symposium on phase 
transformations 


A symposium on ‘Phase transformatior 
metals and alloys’ will be held at the Univ 

of Melbourne Engineering School on 10 and 
November 1960. This symposium is being 
sponsored by the physical metallurgy division 
of the Melbourne branch of the Australi 
Institute of Metals. Thirteen papers will be 
presented which will be published in the 
August 1960 issue of the Journal of the Aus 
tralian Institute of Metals 


Corrosion and Metal Finishing Exhibition 


Some of the 
scientists and engineers will take part in a 
meeting being held in connexion with the 
Corrosion and Metal Finishing Exhibition at 
Olympia this autumn. The Corrosion Group of 
the Society of Chemical Industry will be hold 
ing the meeting on Thursday, | December, in 
the Empire Restaurant, Olympia, at the 
invitation of the organizers of the exhibition 
Papers to be presented will probably deal with 
“The influence of water movement on corrosion.’ 

The Corrosion and Metal Finishing Exhibi 
tion will open at Il am on Tuesday, 24 
November and will remain open until Friday, 
2 December 1960. 

Full details can be 
Exhibition Director, 9 
NWI. 


country’s leading corrosion 


obtained trom the 


Eden Street London 


NEWS OF SCIENCE AND 
INDUSTRY 


Changes at Mond Nickel and 
Henry Wiggin 


The following organizational changes in The 
Mond Nickel Company Ltd and its subsidiary 
company, Henry Wiggin and Co. Ltd, became 
effective from 1 July 

Mr G. Arcuer relinquished his position as 
chairman of Mond and Wiggin and was ap 
pointed president of Mond and Wiggin. 

Mr Ivon A. BaiLey (Member) was appointed 
chairman and chief officer of Mond and 
Wiggin. 
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Dr L. i Member of Council) 
appointed vice-chairman of Mond 

Mr J.O. Hrrcncock (Member) was appointed 
managing director of Mond and deputy chair- 
man of Wiggin 

MrH.W.G. Hienert 
ed managing director of Wiggin. 

Dr G. L. J. BarLey relinquished his position 
as superintendent of Mond’s development and 
research laboratory in Birmingham and trans- 
fered to London to 
research 

Mr k.J. Brappury (Hon 
succeeded Dr 
Mond’s devel 


was 


VUember) was appoint 


become manager of 
M ember of ¢ 
superintendent of 
pment and research laboratory 
ngham. 


ure il) 


Bailey a 


New plant and equipment 


Foundry Equipment Lid recently announced 
a centrifugal casting machine which allows the 
lighter than 
by conventional methods. Increased produc 
tion and higher 
laumed for the 


production of liner castings 30 


quality castings are also 


machine, which has created 
nterest both in the UK and abroad, 
Engineering Co. Lid of Wythen 
Manchester, have been appointed sole 
distributors for the Italian ‘Valdarno’ 
trimming press Che main use of the press is to 
trim off 


wide 


Sharaton 


flash’ and other excess metal from hot 
steel castings and forgings, and it is 
be particularly suitable where a high 
is required. The frame is 

» allow for modification to the table 

» or form, to suit special requirements of the 


user 


or ¢ 


press 


Low-cost computer 


What is described as a ‘low-cost approach to 
computer control of processes’ has been made 
by de Havilland Propellors Ltd in the ‘Anatrol’ 
computer system for the process industries, 
which was recently announced. The makers 
claim that the computer can be integrated into 
eX trol schemes easily and efficiently 

has @& computing accuracy com- 
present-day 
and a computing 
that of a more 
and complex computer system. 


the accuracies of 
techniques 


al comparable with 


Continuous casting plant for Spanish 
steelworks 


continuous casting plant was 
into operation at the Industrias 
\., Barcelona, Spain. This plant 
Aktiengesellschaft, 

in conjunction with Concast 
Aktiengesellschaft, Ziirich. It is designed for 
the produc tion of 


Schloemann 


carbon steel billets in sizes 
from 2 in. square to 4 in 


2% in. 


square and 8in. xX 
2% slabs and ladle capacity is 15 tons 
After a few days of running-in, operation of the 
plant was taken over by a Spanish team. 


The industry made plain 


Iron and steel—master 
published by Head 
Written by the former 


An interesting booklet 
of them all’ has 

Wrightson and Co. Ltd 
chairman of the Head Wrightson group, Mr 


been 


Richard Miles, the booklet originally 
intended for the group’s own apprentices, but 


was 


its appeal is such that it has had a wider distri 
bution. It is a brief history of iron and steel 
of the industry in the UK at 
present, simply written and sustaiming interest 
throughout. Line and half-tone illustrations 
instruction and light relief. 

Copies of the booklet are available from the 
publ office of the company at 20 Bucking- 
London SW! 


and @ survey 


combine 


ham Gate 


Contract news 


Head Wrightson Stockton Forge Ltd, a aub 
Head Wrightson and Co. Ltd, is 
g to Richard Thomas and Baldwins 
Ltd six rotary dryers for an iron-ore drying 
plant costing about £240000, 

Three of machines, each of which 
measures 45 ft long by 10 ft dia. will be in- 
stalled at the Redbourne works and three at 


sidiary of 


supplyin 


these 
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the Spencer works of KT. Each installation 
is capable of handling a weekly output of 
21350 tons of ore processing from 0 to 24 in. 

John Lysaght’s Scunthorpe Works has 
placed a £24 m. order with the Wellman Smith 
Owen Engineering Corporation in collaboration 
with VOEST of Austria for the design and 
supply of a complete LD—-AC oxygen steel- 
making installation at Scunthorpe. The plant 
will include a 1000-ton hot-metal mixer, two 
50-60-ton converters, cranes and handling 
machines, waste-heat boilers, gas-cleaning 
plant, buildings, and ancillary equipment. It is 
designed initially for the production of 400000 
tons of ingots per annum, with provision for 
extension to 800000 tons. 

Morgan Refractories Ltd of Neston, Cheshire, 
a member of the Morgan Crucible group of 
companies, has sold a substantial quantity of 
MR2 super duty firebricks to line part of the 
stack of an Australian blast-furnace. The order 
is being shipped to The Broken Hill Propriet 
ary Co, Ltd, and is worth about £25000. 

Instructions to proceed with work on gas 
holder contracts with a value of about £lm. 
have recently been received by P.G. Engineer 
ng Ltd from clients in the UK and overseas 
rhe most recent contract received is for a 
3m. ft* A.B.P.-Klonne type gasholder to be 
installed at John Lysaght’s Scunthorpe Works 
Ltd. This holder will store blast-furnace gas 
and is planned for completion by the end of 
1961. 

Air Products (Great Britain) Ltd announce 
that it is building a 380 tons/day oxygen plant 
at the O. Sinigaglia steelworks of Cornigliano, 
Genoa, Italy. The order for the plant, valued 
in excess of £lm., was secured despite strong 
competition from Germany, France, and the 
UK. The plant, worth more than £1m., the first 
to be built for an Italian steel company, will 
consist of two generating units each capable of 
producing 190 tons/day of oxygen and storage 
for 560 tons of liquid oxygen, and 420000 ft? of 
high-pressure gaseous oxygen will 
included. 


also be 


Change of address 


rhe London office of Hadfields Ltd is now at 
25 Berkeley Square W1 (HYD 0431). 


INDUSTRIAL PUBLICATIONS 
RECEIVED 


Wiggin Nickel 
on eddy 


illoys no.56 includes articles 
current testing, the use of Nimonic 
80A in valves for the Vanwall racing car, and 
two seagoing applications of Monel alloy in 
trawlers and runabout pleasure craft. 

From Hubert Morris Ltd book 
no.242, describing a comprehensive range of 
the company *s conveyors and some interesting 
handling schemes 

Plenty and Son Ltd have 
describing the 
Duplex filters 

A leaflet from Materials Handling E.quip- 
ment Ltd describes the “Traveloader’ heavy- 
duty side-operating fork-lift transporters 

Catalogues BA.73 and BPV.3 from 
Brothers Asbestos Co. Ltd 
company’s rubber 
‘Poly iad 

Northide Ltd give a brief description of their 
new safety goggle made entirely of nylon and 


weighing only | oz. 


comes 


issued a leaflet 


complete range of Plenty 


Turner 
deseribe the 
conveyor belting 


drives respectively. 


and 


‘Radiant jet furnaces’ is the title of leaflet 
V61 from the Incandescent Heat Co. Ltd. 

The April issue of Welding News from 
Quasi-Are Ltd includes articles on welding the 
Oriana’ and flux materials for electrode 
coverings 

A finely produced booklet ‘Nitrogen and life’ 
comes from La Société lAir Liquide, France. 

The Bulletin for May, issued by Baird and 
latlock (London) Ltd details the company’s 
products and their applications 
4 booklet “The ABC 
been issued by Elliott 


of electronic brains’ has 

Automation Ltd. 
protective coating, Tretol Coal 
Tar/Epoxy 177 is described in a recent leaflet 
from Tretol Ltd. 


A new 


Leatiet V.4.6 from Thompson L’Hospied 
and Co. Ltd lists standard sizes of the com 
pany’s cast nickel-chromium eircular carburiz- 
ing pots and rectangular carburizing boxes. 

Two revised brochures (nos.12 and 14) from 
Samuel Osborn and Co. Ltd cover the com- 
pany’s range of milling cutters and reamers. 

‘Data sheets on dust collectors’ is a new 
book from the British Steel Castings Research 
Association. 


DIARY 
30 July 

7 Aug. 
5-14 Aug. 


SWEDISH INDUSTRIES FAIR 
Malmo, Sweden. 
INTERNATIONAL TRADE AND EX 
PORT FAIR— Dornbirn, Austria. 
INTERNATIONAL UNION OF CRY- 
STALLOGRAPHY—Conference and 
symposia-—Cambridge. 
15-25 Aug. INTERNATIONAL GEOLOGICAL CON 
GREsS—Stockholm. 
16 Aug. THE INSTITUTE OF METALS 
Lecture, The physical nature o, 
plastic flow, by Dr J. J. Gilman 
(Research Laboratory, GEC, 
Schenectady, USA)—17 Belgrave 
Square London SWI. 
BRITISH ASSOCIATION 
VANCEMENT OF SCIENCE 
ence— Cardiff. 
INTERNATIONAL 
FAIR—-Vienna. 
INSTITUTE OF METALS 
meeting — Bath. 
PRODUCTION ENGINEERING SHOW 
Chicago, USA. 


15 24 Aug. 


31 Aug. 
7 Sept. 


4-11 Sept. 


FOR \D- 
Confer 
AUTUMN TRADE 


5 9 Sept. 
6-16 Sept. 


Autumn 


BRITISH IRON AND STEEL 
INDUSTRY TRANSLATION 
SERVICE 


The following translations are now available, 
in addition to those given on page 344 of the 
July, 1960 issue of the Journal: 
Fundamental principles on the 
presentation and processing of data 
special reference to computers. 
WartTMann, R., Arch. Eisenhiit., 
pp-513-518. (£3 15s, Od.) 
Discussion of paper on 


digital 
with 


1959, Aug., 
[1464 
‘Research into the 
formation and elimination of deoxidation pro- 
ducts’, by E. Pléckinger and M. Wahlster 
(BISL No.1544). 
Born, K., Stahl u. Eisen, 1960, May 12, p.669. 
(£1) (1544A 
The sulphur equilibrium between carbon- 
saturated hot metal and lime-silica slags. 
Scuenck, H., et al., Arch. Eisenhiit., 1960, 
Jan., pp.11-17. (£4 5s. Od.) ‘1641 
Improvement in the production of open 
hearth furnaces heated by low calorie gas by 
the injection of compressed fluids into their 
gas burners. 
Septier, L., et al., Rev. Mét., 1959, 
pp.179- 202, and Centre Doc. Sidér. Circ., 1959, 
(2), pp.445-460. (£6) {1693 
The distribution of the burden within the 
blast furnace and some methods of affecting it. 
HeynNert, G., et al., Stahl u. Eisen, 1960, 
Apr.14, pp.473-483. (£7 5s. Od.) [1716 
Blast furnace slags as a commercial product. 
Kieusk!, P., Hutnik (Poland), 1951, (6), 
~p.225-227. (£2 158. Od.) 1733 
toad brick made out of Mansfeld slag. 
WaAGENMANN, K., Hutnik (Poland), 1951, (6), 
pp.229 233, and Technik, 1950, (4), pp. 170 172. 
(£4 10s. Od.) {1734 
Influence of organic compounds in ceramic 
mixes. A technological study of the fabrication 
of porous materials. 
Mann, W., Deutsche Keram. Berichte, 
1960, Jan., pp.11-22. (£5) {1735 
Semi-automatic manipulator for closed-die 
forging hammers. 
ALBERT, M. Kuznechno shtam povochnoe 
proizvodstvo, 1959, (7), pp. 38-40. (£2 15s. Od.) 


{1738 


Feb., 


Ges. 


Cold-rolled dynamo strip. 
Scuivuter, H., and F. Strasiein, ET'Z-A, 
1959, Sept.1, pp.576-582. (£4 10s. Od.) [1740 
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CZECHOSLOVAK SCLENTIFIC-TEKCH- 
NICAL ASSOCIATION—-Symposium 
on fatigue strength—-Prague. 
INTERNATIONAL INSTRUMENTS EX- 
HIBITION—Stockholm. 
GERMAN INDUSTRIES EXHIBITION 
-Berlin. 
GERMAN 
Hanover. 
INTERNATIONAI TRADE 
Brno, Czeckoslovakia. 
BRITISH WIRE ROD ROLLERS 
ASSOCIATION — Conference —Scar 
borough. 
INTERNATIONAL INDUSTRIAL AND 
TECHNICAL EXHIBITION—Charle 
roi, Belgium. 
INTERNATIONAL 
Mons, Belgium. 
FACTORY EQUIPMENT EXHIBITION 
Belle Vue, Manchester. 
INSTITUTE OF PHYSICS et al.— 
Conference on Theory and prac- 
tice of ultrasonic inspection— 
Queens Hotel, Cheltenham. 
FEDERATION OF BRITISH INDUS- 
rries—-Conference— Palace Ho- 
tel, Buxton. 
INTERNATIONAL INSTRUMENT- 
AUTOMATION EXHIBITION—Pitts 
burgh, Penn., USA. 
THE INSTITUTION OF MECHANICAL 
ENGINEERS—-Symposium on auto- 
matie control—1 Birdcage Walk 
London SW 1. 
psir--Conference on ergonomics 
Connaught Rooms, London 
WC2. 


9-10 Sept. 


10-17 Sept. 
10-25 Sept. 
11-20 Sept. 
11 25 Sept. 
15-18 Sept. 


MACHINE TOOL FAIR 


FAIR 


15 26 Sept. 


17 Sept. 

2 Oct. 
21 Sept. 

1 Oct. 
22-24 Sept. 


TRADE FAIR 


26 28 Sept. 
26 30 Sept. 


27 28 Sept. 


27 29 Sept. 


Use of ultrasonics for seam and spot welding. 
Ou’SuHanskn, N. A., et al., Avtom. Svarka, 
1958, (10), pp.75-80. (£3 5s. Od.) (1747 

Creep and rupture of tubes under internal 
pressure. 

Kats, 8S. N., Izv. Akad. Nauk S.S.S.R., Otd. 
Tekh. Nauk, 1957, Oct., pp.86-89. (£2 5s. Od.) 
(1748 

A new optical method for the determination 
of non-metallic inclusions in steel. 

Ernst, T., and G. Kénia., V.D. Emailfachleute 
Vitt., 1959, Dec., pp.93-96. (£3) {1752 

The level of development of the all-basic 
open-hearth furnace in the German Demo- 
eratic Republic (slightly abridged). 

Rases, F., and L. ULispercer, Neue Hiitte, 
1960, Apr., pp.224-232. (£5 15s. Od.) {1759 

New procedure for heating open-hearth 
furnaces with cold gas and fuel oil. , 
Scumitt, W., Stahl u. Eisen, 1960, Apr.28, 
pp.616-619. (£3 5s. Od.) {1760 

Research into the influence of addition 
elements in austenitic steels on the limit of 
elasticity at room temperature. 

Nout, H., et al., Mém. Scientifiques Rev. Mét., 
1959, (1), pp.22-29. (£4) [1783 

On the location of modern iron works at the 
coast. 

Incen Hovwsz, A. H., Stahl u. Eisen, 
March 3, pp.272-276. (£2 15s. Od.) 

1791-1793 Papers presented at a colloquium on 
deep-drawing held in Paris, 23-25 May 1960. 

The influence of 
results of the Erichson 
JenTET, M. (£3) {1791 

Ultrasonic testing of deep drawing sheets. 
LenFrevpT, W. (£3 10s. Od.) {1792 

Effect of the anisotropy of sheets on their 
plastic deformation under uniaxial and biaxial 


1960, 


{1784 


various factors on the 


Pest 


stresses. 
Crussarp, C., et al. (£5 10s. Od.) {1793 
1803 and 1804 Papers presented at the inter 
national discussions on long time behaviour of 
high tem pe rature steels held in Diisse ldorf, 
24.25 June 1960 
Metallographic investigations on 
CrNiNb 1613 after creep tests at 750°C. 
ScuHRaApvER, A., and A. Kriscu. (£6 108. Od.) 
{1803 
Seatter of creep strength of steel X 22 CrMo 
(W) V 12 1, a joint evaluation of German tests. 


Scuinn, R. (£3 58. Od.) {1804 
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ABSTRACTS 


These abstracts are also available on index cards in advance of publication in the Journal, each ing is hindered by basic gangue constituents 
abstract being classified under the Universal Decimal system (UDC). Details and subscription (CaO, MgO) but hardly affected by neutral 
notes can be obtained from the Secretary, The Iron and Steel Institute. (Al,O,) or acidic (SiO,, TiO,) materials. The 
major effect was that of CaO at 1300°C 
MINERAL RESOURCES Metals, 1959, 4, (4), 115-119) As blasting with Physico-chemical basis of the dearsenication 
Salzgitter brown iron ores: basis tor asecond = *#!low holes in open mines is uneconomical, of the Kerch iron ores P. ‘I. Danil’chenko, 
Ruhr J. B. Huttl (Eng. Min. J., 1959, 160, deep holes have been used since 1957. The V. F. Kovtun, and A. G. Lagutina (/zv, AN 
Nov., 82-86) The location, extent, properties, authors describe the regulations governing Metallurg. i. Topl., 1959, (4), 8-14) Both 
and treatment of the Salzgitter deposits are such work and also methods and equipment arsenates and iron arsenites, FeAsO,, 1H,0, 
described. used. The prospects of success in such deposits Fe 2(AsO,).. 8H,0, and FeHAsO, nH,0, when 
The rationalization of the Siegerland ore as the ‘Boleslaw’ ores, using deep holes, are heated in air or in a mixture with carbon in a 
mining industry G. Schroder (Stahl Eisen, 1960, very good. current of water vapour or CO, just like 
80, May 12, 652-659) The re-organization and Narvik—the modern ore harbour (Vin. ./., Fe,As when heated in O,, CO, of H,0O give up 
mechanization of the Siegerland iron ore min- 1960, 254, April 22, 462-463) A brief account the As in the form of As,( Va, which leaves the 
ing industry is briefly described. This process of equipment. ; reaction zone The reaction products are iron 
was started in 1953 and the first results are Narvik —Europe’s largest ore-handlinginstal- = oxides mixed with 0-5°,As. Laboratory experi- 
now becoming evident. A battery of sintering lation K. Schmoll (Chem. Eng. Min. Rev., 1959, ments have shown that the Kerch ores, with 
furnaces has been erected.—1.G. §2, Oct. 15, 63-65). the original structure can be dearsenicated 
Remarks on a paper by E. Schubert, H. Bayer St. Lawrence seaway offers new avenue for almost completely when heated at between 
and E. Schwarz on study of the red-iron ore output of Canadian and U.S. mines (Eng Vin 1000 and 1050° in a current of water vapour, 
deposits in the Eifel K. C. Taupitz (Erzmetall, J+» 1959, 160, Aug., 82-83, 86-88) With map retaining only traces of As (0-005-0-01%). 
1960, 13, April, 170-174) Taupitz supplements and a list of ore districts and producers of iron Optimum operating conditions have been 
the account by Schubert et al. from his own ores and other minerals. worked out for this process on an industrial 
studies and presents some charts. Schubert Formation of metal sulphides and oxides  *cale. 
replies.— T.G. during the thermo-chemical decomposition of The formation of the magnetic fraction on 
Materials for Russian steel (in. J., 1960, manganese and iron sulphates V. V. Pechkoy roasting Fe-Mn compounds [3. Hadééeck and 
254, April 15, 431) A note, mainly on ore skii (Zhur. Prikl. Khim., 1959, 32, (12), 2613 J. Hruby (Hutnik. Listy, 1959, 14, (11), 963-970) 
reserves. 2618) The experimental findings here described rhe formation and percentage content of mag 
The iron ore deposit of Marquesado (Spain) have established that the velocity and the netic fractions in mixtures of Fe,O, and various 
and methods of mining it M. G. Roziére and degree of formation of sulphides during the Mn oxides and carbonates roasted at temp. of 
L. Lamana de Hoyos ( Rev. Ind. Min., 1959, 41, reduction of the sulphates in the presence of 600-1100°C in N,, air, SO,, or with carbon 
Nov., 897-932) Methods of open-cast and carbon depends on temp., composition of the additions, were investigated. Best results were 
underground mining, screening and loading, reducing agents, degree of sulphidization of the obtained with MnCO,; optimum yields, ie 
and output and productivity of this Sierra oxides which are formed from the sulphur conversion of Mn into the magnetic phase, was 
Nevada mine are described. The article con- containing products of the reduction pro- obtained with Mn:Fe ratios of 1:2 to I:1 


cludes with a description of the iron ore cesses, and on the concentration of oxygen and How Saizgitter brown iron ore is upgraded to 
resources of Spain. SO, in the gaseous phase. blast furnace feed J. B. Huttl (Eng. Min. J., 
Arsenical iron ores as raw material for the New iron ore preparation plants put into 1959, 160, Nov., 86-92) Benoficiation of the 
ferrous metallurgy P. Dumitrascuand M.Ispas operation at the Ferriére-aux-Etangs mine lean high-Si ore at the Calbecht plant of Salz 
(Met. Constr. Masini, 1959, (11), 928-933) The (western coalfield) KR. Lucas and P. Sauvage — gitter AG is described. 
Kerch iron ore deposits in the USSR contain (Rev. Ind. Min., 1959, 41, Nov., 975-984) A High-intensity magnetic separation of iron 
about 0-1°,As but in view of the large reserves detailed description of the screening and stor ores ©. E. Palasvirta (Min. Eng., 1959, 11, 
available and their proximity to Rumania, age plants of this roasted blackband ore. Dec., 1244-1248) Theory, design, and opera 
experiments are being carried out for concen- Fundamental study on the removal of arsenic tion are described. . 
trating these poor ores and extracting the As. from limonite during the ore-beneficiation Methods of producing high quality iron ore 
A few alternative methods are being tried and process. il. Mechanism of the removal of concentrates from poor magnetite ores S. G. 
the fluidization of the ore layer shows con- arsenic from limonite and accelerating materi- = Evsiovich (Jzvest. AN Metallurg i Topl., 1959, 
siderable promise. als for arsenic removal S. Sato ( T'etsu to Hagane, (3), 7-12) From poor Krivoi Rog magnetite 
959 Oct. : 35)" > relev } ° m_ : ‘ Lonce 2 0 
ORES—MINING AND TREATMENT pcan one oe i mw hoe relevant equa ores, it is possible to obtain concentrates con 


, : I ; + 204+ As, g and taining 65-66%, iron and 7-8% silicon by 
A review of the ore industry G. J. Holt 4 FeAsO,+ 4 CO=2 Fe,0,+ 4 CO, + As,Og, of multi-stage methods of enrichment with five to 


(Blast Furn. Steel., 1960, 48, Jan., 40-44) which the latter is more rapid. Coal, coke, and seven successive operations in which the granu 
American ore production is reviewed with par- pyrites accelerate As removal, but Fef 105, lation of the ore decreases to 0-074 mm from 
ticular emphasis on recent developments. The MnCOg, and FeCl, are not effective.— K.E.3. 25 to 40% in the first stage to 90-95% in the 
American iron industry depended mainly on Fundamental study on the removal of arsenic = last. These methods are most economical, with 
Lake Superior ore but this dependence is now from limonite during the ore beneficiation pro- classification and enrichment in a closed cycle 
changing and importation of iron from Canada cess. 111. Effect of gangue components of mixed which includes also pulverization, and are now 
and abroad is making heavy inroads into the iron ores on the removal of arsenic from limon- used industrially with the reconstruction of old 
former markets for Lake Superior ore.—T.«G. ite S. Sato (Tetsu to Hagane, 1959, 45, Nov., and the erection of new enrichment plants. 
Blasting with deep holes in open mines 1231-1236) Removal of As from Hokkaido and Manganese responds to dithionate (fny. Vin 
B. Kolaczkowski and J. Godyn (Rudy i Dungun ores during sintering after ore blend- _J., 1959, 160, Nov., 96-98) A description of the 
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process by which low-grade Mn ore in the 
Arizona deposits is upgraded by suspending 
the pulverized ore in a solution of calcium 
dithionate and leaching. 

Investigation into recrystallization of pow- 
dered iron ores A. Ishimitsu, T. Furui, and K. 
Sugawara (7'eteu to Hagane, 1959, 45, Sept., 
915-917) The effects of heating FeO, Fe,0,, 
Fe,O,, and mixtures of these with and without 
slag in various atmospheres are examined. 

On the selective chiorination roasting of 
pyrites cinder in the pilot plant fluidizing 
roaster K. Okajima, M. Inouye, K. Sano, and 
Y. Sugiura (Tetsu to Hagane, 1959, 45, Sept., 
897-899) Data are given for the reduction of 
Cu, 8, and Zn contents of four types of cinder. 

Fundamental study of the sintering of iron 
ores. Influence of air flow, coke content, and 
moisture content on the temperature distribution 
of the sintering bed K. Sanbongi, N. Nishida, 
and A. Suzawa (Tetsu to Hagane, 1959, 45, 
Sept., 924-926) Bed temp. distributions are 
given for charges of Larap ore, with varying 
sintering parameters. K.E.J. 

Effect of coke size on the productivity of iron 
ore sintering K. Miyagawa (Tetsu to Hagane, 
1959, 45, Sept., 922-924) Sintering times are 
generally lowest with breeze between 9-16 and 
16-32 mesh, productivity highest with slightly 
higher sizes, and strengths highest with lower 
sizes.—K.E.J. 

Production of fluxed sinter from Kerch 
tobacco-ore concentrate Z. I. Nekrasov, N. A. 
Gladkov, and A. G. Ul’yanov (Stal’, 1960, (4), 
293-298) Sintering trials are reported and 
optimum conditions, particularly moisture 
content, were established 

What's needed for improving your sintering 
setup R. Houlton (Jron Age, 1959, 184, Sept. 
17, 106-108) A review is made of automation 
controls available for sinter plants. These 
include X-ray emission analysis of raw materi- 
als, feed regulators, and the linkage of flow of 
mix to the strand with the position of the burn 
through point A.G. 

Control of the basicity of self-fluxing sinter 
U. Fujii, T. Numata, RK. Ando, and T. Mura- 
kami (Tetsu to Hagane, 1959, 45, Sept., 911 
913) Specific ores and blends are evaluated in 
terms of their lime-equivalence.—K.E.J. 

Study on the improvement of the quality of 
self-fluxing sinter TI. Doinouchi, A. Chida, and 
8. Obuchi (Tetsu to Hagane, 1959, 45, Sept., 
920-922) The effects of varying contents of 
lime, coke, OH slag, and roll scale are studied. 

On the matrix in self-fluxing sinter S. Watan- 
abe and T. Matsuoka (7'etsu to Hagane, 1959, 
45, Sept., 913-915) Mineral constituents are 
identified by their refractive indices, and 
examined in terms of the CaO-MgO-Al,0, 
SiO, quaternary diagram.—K.F.J. 

Studies of characteristics of a cooling bin for 
sintered ore KR. Aoyagi, Y. Saito, 8. Ota, and 
M. Watanabe (Tetsu to Hagane, 1959, 45, Sept., 
917-919) Operating results from the Kamaishi 
works are given, and the effects of air vol. and 
travelling time on cooling characteristics are 
shown graphically.—x.£.J. 

Fully automatic bulk handling lubrication 
system for a sinter plant G. Williams (Jron 
Coal Trades Rev., 1960, 180, April 1, 747-751) 
An illustrated account of the installation at the 
Margam Works. 

Work on the production of high-basicity 
sinter when sintering fine concentrates N. i 
Yakubtsiner, E. V. Nevmerzhitskii, and G. F. 
Grigor’evykh (Stal’, 1960, (3), 193-204) The 
composition of Olenegorsk concentrate over a 
period is shown and developments at Chere 
povets enabling the furnaces to run without 
added limestone and with the best coke rate in 
the USSR are described. Improvements to 
reduce the cost of sinter are foreshadowed. 

The sintering of dust in fluidised-bed roasting 
N. Lowicki (Z. Erz. Met., 1959, 12, Oct., 497 
507) Investigations on the Fe—O-S system in 
the region of the 1000° and 1300°C isotherms 
showed that dust sintering in the furnace takes 
place mainly in particles up to 0-2 mm dia. 
An essential factor in the formation of Fe 
oxide-FeS compounds melting at 1000 
1100°C is a S content between 18 and 30% 
(22 refs). 

Tests on a fluidised-bed furnace for the mag- 
netic roasting of iron ores V. Karmazin, 


K. E. Makhorin, G. V. Gubin, A. M. Kucher, 
and V. E. Gasparyan (Stal’, 1960, (4), 289-293) 
Trials of concentration processes on low-grade 
oxidized ores are described. The apparatus is 
described and gas consumption, output, and 
degree of concentration are reported. The yield 
was 55%, of a fraction containing 65-66%Fe 
and a recovery of 86-88% of the Fe in the ore. 

Fundamental study on the reduction of iron 

ore in fluidized beds T. Akutagawa and A. 
Okura (Tetsu to Hagane, 1959, 45, Sept., 895 
897) Curves show the effect of temp. (500 
700°C) on the reduction of Goa hematite by 
H,.—K.E.J. 
The production of iron coke C. Eymann 
(Stahl Eisen, 1960, 80, May 12, 684-686) A 
review of the work carried out in Poland and 
Czechoslovakia on the production of iron coke 
and its use, for instance, its effect on the lining 
of the blast-furnace.——-t.G. 

The production and use of ferro coke G. 
Granger, M. J. Lach, and J. Mitchell (Coke 
Gas, 1960, 22, April, 147-154) From the 
AIMME Blast Furnace Conference at St Louis. 

Reduction of iron ores by a mixture of 
petroleum gas and water vapour M. Z. Eni 
keeva, 8S. S. Krivolapov, P. D. Obolentsev, and 
V. P. Rozhdestvenskii (Jzves . AN Metallurg i 
Topl., 1959, (4), 32-41) The best operating 
conditions for the reduction of the Tukansk 
and Orsk iron ores by mixtures with petroleum 
gas and water vapour are: temp. 900-950°; 
ratio vapour/gas= 1; rate of gas supply 6 I/h, 
and of petroleum gas 4-5—5-1 for one passage of 
30 g Tukansk ore, or 3-5—4-1 for 30 g of Orsk 
ore. Under these conditions the transformation 
of the iron oxides into metallic iron proceeds to 
95-96%, for the Tukansk ores and to 90-91% 
for Orsk while the carbon content in the re- 
duced ores does not exceed 1-0-1-3 and 1-5 
2-0% respectively. 


FUEL--PREPARATION, 
PROPERTIES AND USES 


A graphical method of determining optimum 
operating conidtions for washing mixed coals 
G. G. Sarkar, 8S. Sakha, and A. Lahiri (J. Inst. 
Fuel, 1960, 33, March, 145-150). 

New aspects of the question of the influence 
of crushing and mixing plants for coking coal on 
the quality of the coke A. Jenker (Glickauf, 
1952, 88, 363-367; BCRA translation 26, 1952, 
Oct., pp.7). 

Moisture and size effect on bulk density of 
compressed mixtures of crushed coal charged in 
coke ovens G. Odone and F. Ambrosetti (Coke 
Gas, 1959, 21, Nov., 441-445, 480). 

Correlation and utilisation of results from the 
laboratory and coal processing. B. High- 
temperature coke, in the laboratory and in 
practice W. Mantel (Brennstoff-Chemie, 1950, 
31, 161-172; BCRA translation No.14, 1952, 
Aug. 14, pp.8). 

Study on manufacturing conditions of the 
coke used for a 1500-ton blast furnace. II. 
Proper conditions of coke-making with respect 
to the coal supplied to blast furnaces of the 
Yawata tron Works H. Joh and 8. Ida (Tetsu 
to Hagane, 1959, 45, Sept., 887-889) Properties 
of coke made from given ratios of strongly and 
weakly coking coals are detailed.—k.£.J. 

A steam plant for oil dehydration ©. N. 
Bagrov and B. N. Khramov (Stal’, 1960, (3), 
283-284) A description of the fuel oil drying 
plant at Seversk and its advantages over OH 
waste gas heated installations. 

The natural gas of the Lacq and the Northern 
Sahara deposits and its importance to the supply 
of fuel for Western Europe M. Ussar (Stah/ 
Eisen, 1960, 80, May 12, 676-684) The power 
demands of the individual Western countries 
are discussed with particular emphasis on the 
impact the new natural gas supply may have in 
the future. —t.«. 


AIR POLLUTION AND SMOKE 


The fight against air pollution in the iron and 
steel industry K. Guthmann (Stahl Eisen, 1960, 
80, April 28, 627-632) A comprehensive 
review of the efforts of the British iron and 
steel industry in its fight against air pollution. 

Correction for anisokinetic sampling of gas- 
borne dust particles S. Badzioch (J. Inst. Fuel, 
1960, 33, March, 106-110). 
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Utilization of the smoke resulting from 
oxygen biowing M. Krijgsman (Stahl Lisen, 
1960, 80, April 28, 621-622) A plant is des 
cribed for the precipitation of the brown fume 
that is ibeinel in O,-blowing. As the smoke 
contains up to 54°,Fe, the sludge from the 
wet precipitation plant was made up with lime 
and added to fines for sintering in quantities of 
up to 10%. The economics of the utilization of 
sludge depend to a large extent on local con 
ditions, mainly on the price of the fine ore 

Removal of dust in oxygen steelmaking. |! 
S. Watanabe, S. Dohi, and Y. Ozawa. Il. 
The Venturi scrubber as a device to remove open 
hearth furnace dust H. Kumai, Y. Ozawa, 
H. Hirayama, H. Kamei, and E. Takemura 
(Tetsu to Hagane, 1959, 45, Sept., 935-937; 
937—939).—K.E.J. 


TEMPERATURE MEASUREMENT 
AND CONTROL 

Recording optical pyrometer N. A. Blum 
(Rev. Sci. Instr., 1959, 30, April, 251-253) The 
range 1300-3000°C is covered with a time 
constant of a few millisec. It operates un- 
attended and is specially designed for arc and 
plasma measurements. 

Symposium on the optical pyrometer tem- 
perature scale (/ndust. Heat, 1959, 26, Oct., 
2006-2012) A symposium at the NBS dealt 
with present temp. scales and practices, recent 
developments in optical pyrometry, and the 
possible use of the temp. scale beyond 4000°K. 

The measurement of iron temperature in 
tapping and pouring 1. Starke (Giessereitechn., 
1959, 5, Aug., 237-240) The use of the colour 
brightness radiation pyrometer the Bioptix 
and the Tricolor) and the immersion thermo 
couple are described and their advantages and 
drawbacks compared. 


REFRACTORY MATERIALS 

The supply of refractory products to the 
French iron and steel industry (Aciers Fins 
Spéc., 1960, March, 4-10) The selection, 
supply, and treatment of various natural and 
processed refractories are discussed with 
regard to their application in various furnaces, 
mixers, converters, and ladles.—R. P. 

Future trends in refractories ©. S. Hedley 
(Iron Steel, 1960, 33, May 25, (Special Issue), 
272-275) A discussion of refractories for LD 
converters, OH furnaces, electric furnaces, 
soaking pits, and special purposes such as 
crucibles and hot tops. 

Looking ahead for refractories W. F. Ford 
(Claycraft, 1959, 33, Nov., 40-42, 44) A lecture. 

Abrasion plates for use as mould walls in dry 
pressing of refractories P. Draignaut (Si. 
Indust., 1960, 25, Feb., 65-70) The wear resist- 
ance of various materials in use as mould walls 
in the high pressure ‘dry’ extrusion of refrac- 
tory products was studied. The best materials 
were found to be 12-13°Cr steels, or Cr-V 
steels. Hardened and tempered steels, as well 
as hard Cr steels were not found satisfactory. 
WC plates were most satisfactory and, in 
spite of their high cost, their use is recom- 
mended.—P. F. 

The palletisation of refractory bricks (//nited 
Steel Co. Ltd Report, 1957, Oct., pp.17) Trans- 
port on British Kailways is described. 

Fundamental investigation of magnesite 
chromite brick after service in the roof of a 
basic open-hearth furnace J. Oba and T 
Hayashi (Tetsu to Hagane, 1959, 45, Sept., 
944-945) The variation of lattice parameters 
(of secondary ferruginous spinel and periclase 
with distance from the hot face are plotted for 
used bricks..—K.E.J. 

Heat-resistant concretes investigated (Ceram 
ics, 1960, 11, Jan., 30-31) N.B.S. work on four 
compositions is summarized, 

Modernizing a firebrick works H. Pattinson 
(Claycraft, 1959, 33, Dec., 66-70) Estimates of 
the economics of mechanization are made (in a 
Prize Competition essay). 

Phase equilibrium studies in the system iron 
oxide-Al,0,-Cr,0, A. Muan and 8S. Somiya 
(J. Amer. Ceram. Soc., 1959, 42, Dec., 603-613 
The system has applications to chrome refrac- 
tories in steel furnaces. 

Thermal conductivity of magnesia from 
1030-1880°C J. D. McClelland and E. H. 


Zehms (J. Amer. Ceram. Soc., 1960, 43, Jan., 








4) The the 
lin opaque 


rmal conductivity & of polyerystal 
MeO has been measured between 
1880°C. It was found that k can be 
expressed by k= 18-8/(7'—125). The 
term used formerly by 
required r.¢ 
Apparent temperatures measured at melting 
points of some metal oxides in a solar furnace 
J.J. Diamond and 8. J. Schneider (J. Amer. 
Ceram. Soc., 1960, 43, Jan., 1-3) Six metal 
melted in a solar furnace and their 
elting points determined by means of a con 
entional optical pyrometer. Al,O,, TiO,, and 
Nb,O; showed melting points in close agree 
ment with those determined by other methods 
Pa,O,, La,O 3, and Dy,O, varied widely and 


1030 and 
radiation 
MeQuarrie was not 


xides were 





bore no relation to their melting point Ihe 
method is therefi not suited for the deter 
mination of unknown melti ng points, 3 


The ge rule and ceramics. 1V ©. Radford 

eramics, 1959, 10, Oct., 30, 32, 34, 36, 38 
hee € lent systems itlined 

The Ateliers and Forges. de la Loire. The 
Marais Works at St. Etienne (4 ciers Fins Spx 


ym por 





1960, March, 82 92 \ briet surve of th 

French iron and steel industs in the St 

Et nhe areais given his is followed by a des 
tion of the layout of OH and electri 
u“ roughing, rolling and finishing mills 

ymakir its, and reheating furnaces as well a 

th ontrol department. The plant produce 

8 tinished products, castings from 2 to 75t 
i arious kinds of st | plate R.1 


TRON AND STEEL, GENERAL 


Developments in the iron and steel yd 
Guring 1959 I. Kk. Madsen (Jron Ste 
160, 37, Jan... 98 145 ~aihae + Pot ‘ the 


steel strike in the USA and its terms of settle 

tl t ar liscussed, and American develo; 
nts in production of raw materials, tron and 

steol production and finishing, and in equiy 
tad 1959 ares detail 


iuriiy 

‘Visit to new plants ot the HADIR works at 
ene? Pe re urg, 1959, 51, 
4), 23 236) Plants deseribe t briefi are: ore 
rushing, nm mvert teel plant, strip mill, 

"Activities of Verein Deutscher Giessereifach- 
rose annual report 19589 I’. Schneider 
195%, 46, et. S, 5SSL-606 


‘Gzechoslovakia’s. stent and — entnstrres 


Vet. Bull., 1960, Feb. 12, 21 r 
ore deposit y and sr ld locations 
ariou silane taal ic 
Metallurgical research behind the iron 
curtain (Metallirgist, 1960, 1, March, 79-80) A 
brief account of impr sions fron isits te 
( hoslovakia and Russia 


‘The report of the American Steel and tron 
Ore Delegation’s visit to the Soviet Union, May 
and June 1958 G. Heynert (Stahl Eisen, 1960, 
80, Mav 12, 688 696) This is an illustrated 
review of the official repr AISI. Th 


rt | the 








reviewer points out tha has refrained fror 
making any comments on the findings re 

ported T 
Eastern block states. iron -_— steel oe 
year ( id na Steel Yuthorit 


B bl graphy 18, (1947-195 . . “195 ”, May. 
PI 6a 

Russia’s seven-year plan outlines _tetere 

stoctmating — I. Denisenko (Jror 

1 Eng., 1960, 37, o an 76) ies mn and 

elmaking targets are o vuthine i, development 

of the eastern areas of the Soviet union is dis- 

ussed, and plants for technical re-equipment 
reviewed. 

Dominion Steel and Coal Corporation, 
Limited, initiates expansion programme ( Jlust 
Furn. Steel Plant, 1959, 47, Aug., 818-836 
rhe raw materials position, and the layout and 
operation of the blast furnace, steelmaking, 
rolling, and finishing sections and ancillary 
departments of the corporation are described 
and illustrated. 

Problems associated with the setting up of an 
iron and steel industry in New Zealand ©. A. 
Blance (Inst. Brit. Found. Australian Branch, 
1959, 10, 35-47) The available iron ore in New 
Zealand is mostly present in sands. The tech 
nological and economic problems involved in 
setting up an iron and steel industry are con- 
sidered in the light of these ores, and New 
Zealand’s needs. 





India’s increasing steel production (/nyin 
1960, 189, March 18, 390 391 Al 
account of Rourkela with notes on the layout, 
oxygen plant, 
training 
Pig iron ee and steel manufacture 
G. Bulle (V “tee, 101, Oet. 21, 1405 
1409) A review (83 ri 
The TsNIIChM Central Scientific Research 
Institute for Ferrous Metallurgy) session for co- 
ordination of the principal scientific and 
research tasks of ferrous metallurgy in 1960 


eerind, 


power and water 


scheme 


supplies, and 





Yu M Shishkin (Sta?’, 1960, (4), 383 384 
Poy issed were ore beneficiation and 

sint mprovement of pig-iron for qualit 
st ection, OH and electric st furnace 
pe ont 1OuUs asting, fterro-alloys, 
lirect processes, rolling heat, treatment, and 
etal physics; also the use i t 


i tracer “ pes 
Progress in metallurgical science and tech- 


nology in China in the last ten years Li Hsu 
Sinica, 1959, 8, Dew 1445-1458) A 
general account of resources with a re rf 


factors in the intensification of steel produc 
tion, of studies in progress on new methods, 

we treatment, and new grades of steel, 
t iding non-sealing and electrical resistance 


allovs (Fe-Cr-Al and Fe Si pr 


luets 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG-IRON 


Recent progress in blast furnace operation at 
Kamaishi tron Works, Fuji tron & Steel Co. 
Ltd I. Serita, T. Yats 
.. Fukuda (Tetsu to Hagane, 


S67 SHY) Ope statistics 


izuka, J. Sawan ura, and 
1959, 46, 
ure . Mor 


practice, with sey i 


rating 


basic and toundry tron 


lar refer to ! of the burden t j 
Automation of the er blast- furnace 
distributor N. V. Mozh Vetall 1959, 
Mav, 14-15) A svstern controlled according t 
the max! ir wd ominimuy temy d 


"'Unéer- hearth 
EK. M. Summers 

409 tr} Issue 

£10 mill. blast ternase new in n production at 
Port Kembla . 1959, 46, 
July 6, 52-53) Ulustrated 

Some suggestions concerning the evaluation 
and determination of the —— coke consump- 
tion in the blast-furnace J. Sarek and J. Hani 


biast-furnaces 
195, Aug., 405 


cooling tor 


JIS] 1460 


Hutn. Listy, 1959, 14, (11), 928-931) Various 

liagrams for estimating the Ke rate, giver 

the literature, are examined and compared 
proposed by the author rt 


Blast contro in blast a B. A. Morya 


k i iN Metallurq opl 1959 
128 139) 7. auses otf the oce ona ievia 
” n automat control of the pre-deter 
ined air blast volume, due to the variations 
in the steam supply to the dri turbine, 
ha been investigated. The suggestions for 
preventing such fluctuations are made on the 
assumption that they are due either to non 
inear link ‘ausing oscillations or to periodi« 
listurbances. An electrical control scheme is 


expla ned which has be« 
and the 


lated values 


h tested in practice 
with the ao 
if na aa 
in the 
ith the pro 
these are cut down to 
rfectly admissible 

On the operation of the axial biower for the 
blast furnace A. Honda, 0. Mori, and T 
Nozato (Tetsu to Hagane, 1959, 45, Se pt., 885 
887) Characteristics are 4000-kKW 
blower driven by a steam turbins Operat ng 
results are given for periods up to 7 500 h 

Study on blast furnace operation by penetra- 
tion of air in the tuyere zone T. Kikuchi and 
I. Nozi (Tetsu to Hagane, 1959, 45, Sept., 873 
875) Data for raceway factors and blast pene 
tration are given for basic and foundry 
practice K.E.J 

Study on the travel of the biast furnace 
burden with radioactive isotopes. 111. On the 
difference of burden travel and biast volume 
around the blast furnace periphery A. Tominaga, 


results obtained agree 
So for example, 
feed-back pulses, the fluctuations 
to 8 t/h, v 


with 


steam supply amount 
dad control scheme 


0-25 t/h which is pe 


pose 


given for a 


iron 


T. Doinouchi, T. ae and 8S. Komaki 
(Tetsu to Hagane, 1959, 45, Sept., 871-873 
Transit time for burden and coke were deter 


mined using ®Co at different peripheral posi 
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bios; the last 
found using P 

On the exygen-cnriohed operation of 
Tsurumi No.2 blast furnace H. Ikegami, 1 
Hasegawa, and kL. Sakamoto ( T'etsu to Hagane, 
L¥5%, 45, Sept., 569-871) Detailed 


listril 
tot tubs 


rition to th tuyeres was 


statistics 


are given for six periods ft operation, with © 
in the blast increasing from 0 to 2-2°;,. Output 
and coke consumptior wreased, and coke 


rate fell K.t 

The coke combustion zone in a biast furnace 
with een biast L. V. Bardina 
Yu. L. Borisov, L. Z. Khodak, and A. M 


Chernysh fzvest. AN Metallurg lopl., 
LY, > i] " tr} ‘ i istion { tl coh 
t layer Vis st Lied ia iworator Vater 
~wled y yenerator f OOO Mm lia. Lnsid 
through ai ypreriita in the grate a stat nar 
as extracting pi vas introduced from belo 
vit t ipper " ‘ im Lo tl rat 
Thi ta the zer i : 
x it Bi ‘ | t i 
vas pla I ator and al ta 
stationar coke layer 165 mm thick whi 
juru ti Kperiment nd with the oxyger 
suppl aby it, | ame gradually imeande 
eent tre i the tor lownwards until it reached 
elot the air pipe and at that moment the 
experiment was considered at an end. Th 
findu sh that th an O,-enriched blast 
the iengthn of tl combhbustio ZOTM shorten 
(on increa ti ti ‘3 content, th Zoe 
MAXLOU CO, yneent ation is tound near tl 
place where the blast enters. The maximun 
temy ft the combustion zone also increases u 


this Case 

Use of a radioactive isotope in the study of 
blast furnace operation !1. lijima, I. Matsu 
Havashi, and Y. Yamada (7T'etsu t 
Hagane, 1959, 45, Sept., 875-877) Results ar 
yiven of testa with °"¢ t lete 
times of Liquid metal and wear 

Desulphurization of pig iron in the blast 
furnace 3. F. Gioncharoy (Stal’, 1960, (3), 204 
207 Sulphur listribution was studied at 
| nfluence of slag 
ition. Study of th 


moto, S 


rmine retentior 


ot retractor 





rth was nade by sampling at tuyere and 
tapping. It 1 
St in the range fror 


throat to tuvere level and the rest below the 


ring 


ere ihe de iphurization is greater aboy 
the tuyer vith ore than with sinter. The 
| > 5 | i 1A below slag-note! 


Elementary considerations on the mechanics 
of fluids used in biast furnaces J. Le Hoc! 
Véch., 1960, 92, March, 133-137 
Che distribution of hot air blast; its feed t 
nozzies; theur dia. and nurmber; and their dis 
osition in the Cowper scribed 

Composition of the siag-forming materials in 
the oxidizing zone of the biast furnace i Ye a 


stove are de 


Ostroukhov, A. V. Rudneva, and L. M. Ts 

I[zvest. AN Metallurq., Topl., 1959, (1), 37 43 
Petrographic analysis shows that a proportior 
of the slag-forming materials in the oxidizing 
zone are in solid plastic condition and cor 


sd particles of iron oxides with lime 
xidized in the 
ilrops of liquid 


sist of sinter 
and pieces of spongy iron oxides 
Also included are 
materials penetrating in the 
which solidify in the 
tuyeres. The analysis of the 
ontent shows that ntering occurs in thi 
oxidation with the 
calcium -containing silicates 
and calcium ferrit« 
l d distribution of the 


air stream 
oxidizing 
stream 


zoMm 
from the 
actual mi 


eool air 


nera 


formation of 
alite 
s (CaO). Fe,0., 


zone muct 
and larnité 
but the strict 
calcium silicates 
gnetite mass of the 
d shows that stalliza 
tion of the contact surfaces of the materials ir 
plastic must take place 
formation of much liquid phase 


localize 


n the ma specimen 


anal vse unmediate reery 
conditions without 
and without 
interaction of the li juid components. 
Behaviour of fluorine in blast furnace 
smelting. 1V. Mechanism of volatilization of 
fluorine and its movement in a 11 m* blast- 
furnace smelting Pao-Tow iron ore. V. An in- 
pe ee pone of the slag forming processes in a 
blast-furnace smeiting Pao-Tou iron ore 
i the of Metallurgy and Ceramics, Acad 
emia Sinica (Acta Met. Sin., 1959, June, 4, 95 
106; 107-113) LV. The fluorine content of B.F 
gas depends mainly on temp., and approaches 
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equilibriun with lime or 


harge, but this only 


limestone in the 
holds when 
When liquid 
gas decreases. The 


1 slag phase 
ha been formed 


fluorine im the 


r appears, 
aQ)/F ratio 
downwards; 


as Sik 


decreases as the ore mo 
vably 
acts wit! 
chief co 


fluorine prot daillines tens éxe 
which re H,O to give HE 
V. The stituents in the primary slag 
are CaQ), CaFk,, and wustite. A con 


made between slag processes 


” 
and SiQ), 


eee ison is 
forming with 
Pao-Tou and ordinary acid ores K.E.d 

Some problems of the heat flow through the 
blast furnace hearth with carbon lining Wan 
Shu-Ming (Acta Met Sir 1959, Sept., 206 
216) The relationship 
"eOTAMmic 


carbon linings to 
hearths is studied. The 
cooling effect of 
tis not the innern 
under the botton 
cooling. A new 
posed, and improve 
model for studying 
suggested K.E.J 
The effect of the thickness and the thermal 
conductivities of the refractory linings in the 
blast furnace bottom on the temperature field of 
the bottom Wan Shu-Ming (Acta Met. Sin., 
1959, Sept., 195 205) The 
thermal 
tories, ¢ 


transitional 
carbon can only 


ost liming. \ 


behaves as 


appear when 
graphite layer 
under-hearth 
method ts pro 
ments to the 
temp 


cascade’ cooling 


thermal 


eonditions are 


effects of thickness 
conductivities of the 
ooling conditions, and he 
the temp. field are studied by 
transform and 
study incluck 


and refrac 
arth temp. on 
the finite Hankel 
graphically Ihe 
mduetivities in multi 
deals with critical thiek 
transitional’ cooling effects 

Studies on the electric pig iron smelting of 
iron sand. tll. iV. Behaviour of various ele- 
ments in reducing smelting of iron sand. 
Parts | and 2 A. Murakami, K. Takai, and \ 
Sato (Tetsu to Hagane, 1959, 45, Sept., 880 
S81, SSE S83) The effects of Si and Ti, S, and 
Min « 
are elucidated K 

The reduction ot iron ore by N,. CO- H, 

[simmitu, A Sigem, and T Hivasi Tetsu t 
Hagane, 1959, 45, Sept., 893-895 K ' 

Effect of K.CO., Na.CO., Al,O, ond sid, 
additions on the kinetics ‘of the reduction of the 
magnetic iron oxide by carbon S. 8. Lisnyal 
and G.I. Chutaroyv (Zhurn,. F Kher 1959, 
33, (8), [840 1845) Reduetion | charcoal 
t at lower temp. than by graphite It 
established that additions of Na,CO 
ind K,CO, increase the rate of the reduction 
reaction, K,CO considerabl more thar 
Na,CO,. Al,O, and SiO, also be 
i ring ¥ luection t diluents ar 
ynificant effect on the reduetio 

Fundamental studies on iron ore reduction. 
tl. Reduction of granular iron ore. Il. Reduc- 
tion of fine iron ore 1. Yagi, Y. Puke, and A 
Kondo (Tetsu to Hagane, 1959, 45, 
SUT, SUZ SO} Reduction curves ar given for 

iryvit amounts of Hy at G00 ¢ t 

The reduction = ag Sante by > 
N. M. Stafeeva 

iufarov, and \ 1 tina 

/ ’ 746 


presented 
sVvarving ce 
hearths, and 

and 


laver 


‘ontents On Various Operating parameters 


ikes place 


has beer 


hay present 


as inert d have me 


sun 


aximn 


mangnnene reduction rate in blast furnaces 
rigoe and S. Vabhe / da ne, 1959 
ONO 48 
with Si ¢ 
‘ Caleulated I 
ment with observed figures 
“On the manufacture of titanium slag and pig 
iron from iron sand with gas reduction tunée- 
mental test) ‘Il. [keno and T. Hagiwara ( T'ets 
to Hagane, 1959, 45, s pt., 877-879) Tests 
four ores (TiO 


with 
inthe range Il- 1 16°9°. in the 
46-6. 75-6°, TiO, 
LO-O80-0-456° J 

~—. sponge iron process (Chem. Eng. Mir 
Rev., 1959, 51, Sept. 15, 48-49) A brief illus 
trated account 

The Hy sponge iron process | 
( K lader, and 4 zawrence, jun, (Tron 
Steel Eng., 1960, 37, Jan., 87-91 The design 
and performance of the Monterrey 


fines) gave slags co 


itainineg 


The tron containe 


Celada, 


plant are 


deseribed. A new 
and is 
early in 1960 
Certain properties of limestones related to 
their use in ferrous metallurgy ©. Bol 
S. Fruchter (Studii Cercet. Met., 
610) Various indi rocks 
studied. The greatest reactivity 
the sedimentary nonmetamorphic 
greater the porosity the greater 
reactivity Phe reactivity dimi 
Increase in 


300-t/day plant is under con 


struction, scheduled for 


completion 


giu ana 
1959, (4), 593 
genous have been 
was shown by 
rocks. The 
theu 
nishes with an 
erystal size. An increase in the 
MgQ content results in a rapid decrease of 
reactivity at 1350 ¢ 
how that compact 
with fine crystals and as 
should be used in 


Conelusions reached 
sedimentary limestone 
little MgO as possible 
blast-furnaces, to reduce coke 
consumption 


USE OF SLAG 


fhe effect of magnesium on the physical 
properties of ont furnace slags |. | 
N. L. Zhilo, A. Sokolov, and L. M. Tsvlev 
Izvest. AN Mesat + Topl., 1959, (3), 20-24 
The investigations aimed at establishing the 
optimum composition of the final blast-furnace 
with a minimum 
desulphurization 
obtaining at the 
Combine. Caleulations 
established the effect of Mg 
of the viseous flow of slags 
determined by the angle of deviation of the 
straight line of the logarithmic relation of this 
energy to the inverse temperature ira 
Results show that the activation energy for the 
with minimum 
between 26-7 and 47 
lowest energ 


PROPERTIES, TREATMENT AND 
Ss 


Gultvat, 


slags viscosity and maximum 
properties under 
OH shop of the Mag 
rf the 


conditions 
mitogorsk 
activation 
on the 
_ his «¢ nergy Was 


energy 


mechanisn 


viscous slags VISCOSItV vary 
> keal/mole of melt; the 
gv isshown by aslag with a basicity 
ratio CaQ/SiO, of 1-O1. Various basiciti 


rated at various temp 


s have 
been investig 
are tabulated 
Effect of the lowest titanium oxide and of 
ferrous oxide on the properties of high- 
titanium slags I. P. Bardin, I. A. Karyazi 
and V. A. Rezmichenko (Jzrest. AN Metallu 
Topl., 1959, (5), 35-41) Th 
for the prepe 
the chemically 
TiO,, SiO,, ferrous oxalate (Fe 2H,0) 
and ri,O . synthetically prepared a the re 
duction of the TiO, with metallhe Ti. The 
viscosity of the slays was measured 
rotating electrical 


readings of the ¢ 


and result 


materials used 
of the svnthetic slags were 
ALO ay aQ, Mg 


aration 


pure oxides 


with a 
viscosity meter from the 
irrent in the rotor. The find 
ings show that, inter alia, the lowest titaniun 
affects the cosity and the ma. 

slag epending on the 
ri,O, ane whic ” 


technological characterist 


oxicl ’ 
between the 
istitutes tl —— 
of titaniur le 
Fluidized bed kilning of qagee sags 
N. P rtat 


Slot i-Sidak and 


ratio 


1O60, $4), 327-329 —s 
j the process 


nad lerel 
and leaeh 


DIRECT PROCESSES 


The electric furnace one woe direct reduction 
of iron ore | ca é 8 i, 1959, 
7), 556-564) A 


search), the 


R Ship 
Steel), Omnia, ar 


as (United State 


1 Stellin 

Briet review of the development of some iron- 
and steelmaking processes |.. Giascuel (PAC 7 
1959, 13, Dee., 497-499) A brief outline 
given of the Ele Cyclosteel 
processes, and of vacuum cast 

Pilot plant studies new direct reduction 
processes (/ron Steel Eng., 1960, 37, Feb., 149 
150) A deseription of pilot trials of the 
Orearb process carried out by Swindell 
Dressler Corp. of Pittsburgh. Pre-reductior 
takes place in a rotary kiln, and the re 
elted in an electric furnace. 

A future method of manufacturing iron 
which is interesting many people today. All the 
details of the direct manufacture of steel by the 


ktrokemisk and 


scale 


sulting 
materialis sm 


Journal of The Iron and Steel Institute August 1960 


N.F. Process I. Nakajima (Ainzoku, 
March 1, 28-32) An outline of the details of 
the N.F. process with a test calculation of th 
production Three actual experiments are 
deseribed and also the oxidation process 
Nu-iron: good process, but Cronar 
(Chem. Eng., 1960, 76, April 4, 64-65) Ar 
account of the working of the pilot plant ot 
US Steel. The process is technically successful 


but at present uneconomic 


1960, 30, 


cost 


( S 


PRODUCTION OF STEE&L 


Steel Company of Wales: Architecture to-day 
No.462 constructional work at Port Talbot 
\. T. Edwards (F ial T 1959, Feb.4. 
14-15 

Tasks of our steelworks and rolling mills in 
the chemical industry programme |: 

Neue Hiitte, 1959, 4, Oct., 578 584) Meas 
required for the development of the seat 
making programme to supply the East Germar 
chemical industry are outlined, with specia 
reference to the production of special steels 

Effect of port dimensions on open hearth 
output M. M. Kotrovskii and V. G. Paramonoy 
(Stal’, 1960, (2), 111-117) In 370-t OH furnaces 
with O, feed, 
made . The 
puter d 
tural parameters are suggeste: 

Firing the open- -hearth ~ee with natural 
gas I. Bartu (Rev. Mét., 1960, 57, Feb., 107 
116) The Various 
natural gas is given, and the 
with auto-carburation 
tion are outlined, the 
vas) tue 


man mes, 


Schrode 


studies on port 


effects of many 


design have beer 
variables are 


ertain 


com 


and work is contin — ( struc 


composition of sources 0 
principles of OH 
and addition 
design of 
natural ] oil mixtures is 
also the utilization of waste-gas heat. Refer 
is made to the economic aspects 

Converting a 220-ton open hearth furnace » 
natural gas firing N. N. Dobrokhotoy, | 
Kobeza, K. S. Greben’, L. D ~ ier a \ 
Garchenko, and A. L. Tur ibiner (St vi 1o60 
1), 29. 32) The gas supplied t 


described ns of 


carbura 
burners for 


discussed, and 


andl the prol le 


it 
race design which is dis 


d. The gas system and its 


No capital 


hatipes were 


eontro 
outlay Was | ol 
carried out while the 
yperatiny 

Natural gas-air burner for a top-fired pre- 
heater Rh. J. Leary and B Mitchell (US Bu 
Vines Rep. Invest., 5519, 1959, pp.20) Th 
burner d tor heating ste 

Use of natural gas in Italy for Sing “at 
hearth furnaces ‘ sarbazanges 
Gardini (P Veét., 1960, 57, | OF 106 rh 
listribution, prod ition, analysis, Col 
natural gas fron Italis 
scribed, and an 

of its use 


was designe 


I scrap 


sumption of 
ire «le 
technique 
ices. The S cont 
> er ire with fuel « 

Firing open hearth furnaces = burners 
through the — \. Labat-Car . 
Steel Plant 59, 47, Sept., 965 969 rt al 

tl le W 

(sti 


I ers iy 

adjust ke npn: aleve 
ear to the i 
Determining the aonan of slag in basic 0.H. 
furnaces during = refining period \. \! 


Skrebtsoy 1959, (9), 107 


scrap as itu 


erses uniforms 
orter space ot 
oxides 

Working conditions for open hearth roots 
with oxygen fed into the fuel stream and the 
bath M. M. Dvorkind (Sta/’, 1960, (2), 117-121 


Shorter roof life is observed owing 


to increase 
furnace dust concentratior nd inereased CO) 
just below the roof when O, ts used 
Production, properties and economic import- 
ance of open-hearth rimming steel |’. Netter 
(Neue Hiitte, 1960, §, Feb., 63.69) Advantage 
and drawbacks of killed steels ar 
compared from the points of view of produe 
tion, strength, in 


and rimming 


pact properties, and econom 








Refining with oxygen in open-hearth furn- 





aces. |. Experience in Italy b). Pachaly (Stahl 
Eisen, 1960, 80, March 31,441 442 rhe author 
deseribes his impress of a isit to tl 
Cornighano steel works near Gen which ha 
250-t OH furnaces equipped with O, lance 
which enter rtically from the roof. The out 
put of the furnaces is yreat! creased and © 
blowing is im the « f the re ver ist 
tied where the pig iron proportion is high a 
her the price to \ sit } 
rst f electri power that leter I } 


rice of the O r.G 
Refining with oxygen in  open-hearth 
furnaces. Ii. Experience in ge works (; 
Henke (Stahd Eisen, 1960, 80, arch 31, 442 
$44) The author reports } mipressions On the 
ise of ©, for refining in OH furnaces is 


America and discusses the reasons hy 
practice is unlikely to be introduced on a lar 
tie in Germany I 
The production of high- quality and high- 
grade open hearth steels in furnaces fired with 
sulphur-containing and high-sulphur fuel oil 
V.P. Filatov, P. P. Semenenko, N. LL. Kokare 
\. G. Kapiche ind S. | Rbaisiendiein Stal’, 
1960, (1), 36-39) Intensive 


eombustion con 


erting the S-compounds to SO, before contact 
vith the slag or metal, by yvasification im tl 
former g iptakes of the ports, or somewhat 
less effectively by direct short-flame combus 
tion mm tire turtiace Chan ber “ive ol 
O-OS5° Sin the steel 


Investigating the working of O.H. furnace 
hearths by means of radioactive isotopes |. | 
Bas’vas, Uu. A. Danil ch, and A. N. Lepes 


7 1 Lab., 159, (9), 1076-1077) The int 
Xing of tron xides from the ores or tl 
ter tal char vith tl rku lave 

f the heart! here stud } ! ins of tl 

radtoact I This radioact tope 

the forr t tall I vasd | i Ht} 

na hen opr pitated witl t ‘ I 
itron, tu i wit! \ ft radioact t 

! {ro i s ired to th har ! 
htt ’ ind s trod i to tl i 

rt ! icat t Fi tv i it { ! 

! teracti bet ! } ! 

har 


The effect of the oxides of magnesium and 
aluminium on the reaction equilibria of man- 
ganese between carbon- saturated silicon-bear- 
ing iron and 2 silica — : at 1500 Cc ti 


sche mia wna } enh... 
1un0, 31, 83.86) TH list ent of th 
jiu tat f the Mn reaction nm ¢ 
1) c } vd VMiot 9 ALO, tot 
| ! ' It : t 
Continuous determination of the  heat- 
=r ty Hoe o the , et -hearth furnace bath 
ien und N. 1. Koka 1960 
89 42) Ra t pvr ter t t 
i ' i 
t nF } 
} hold ol 
The use ‘ot forsterite checkers | \ 
( hit ¥y. D. Z 4. M 
} “Hu r| VW 
il Hf ! ‘ + 
rich ! t i 


s a i air t it ’ 
t} oh th ~ Mel tt t 
a terse t trict iti | i 
ted thi separat bu 1 terit 
I igt t failed ra i lid 1 tI 


Restricting the ame 
wrrected the fault 


Valve reversal in ar -hearth turnaces by 


integrating time relay \a.S. Pinus (Stal, 1960, 
1), 30-41) Insts oat oh eaumiait-al alve reversal 
from checker temp. or temp. difference at the 
ottom a svster using hecker te np top is 


deseribed. The relay works by the continuous 


integration of rate of change of temp. and ts 


shown to keep conditions more constant and 


to increase output. Fuel suppl i! 
mitrolled 
An important reserve of increased labour 
aoe epee in open hearth production v. MM 





Ss. 1 Gershgoru \ , 1959, (10), 
Q53 955 a process of furnace ' wai 
inal 1 rai tl a if | 1 i 
Better organization ofcold repair nd the use 
oft standby furnaces, doing awa th the need 
for hot repairs rdvocated 


Electric furnaces, Cleveland and sunshine 
V 1960, 12, Feb., 152-155) A report of 


ual Electric Furnace Cor 


17th AIME Ann 


ene Ps 1959, ineluding brief al 
t {ti pers pre 

Pilot electric smelting turnace Birk I FCO 
Melting) Ltd (Overs , 1960, 33, ; 
184. 185: Jron Coal Trades Re 1960, 180, 
I nace onan oe Iting avail 
il for contract s¢ s deseribed 

Large electric steel furnaces P KE. Hammar 
1 Tidsk., 1959, 89, Aug. 14, 721-728 
I} v and equiy 1 ot tv al Jaros 
lect i furna ir rs bead and lu 
trat { 


New electric steelmaking plant. ns 
extension at Brymbo Steel Works ( \/ «fully 
1959, 60, July, 3-6) A deseription of the con 
struction and operation of the new ©),-eleetr 
melting sl at Bryvmib« 


"Melting high- —— steels in the induction 


furnace || ie ve er, A. Paquot, 

P. Nieola IM VE kle« Furr St 
Conf. P 1958, 16, 169 190) TH thor 
rib ( i t the S.A. | 
| Her t ' t} xa miflu 

f+} - . { luet tir 
t | tit s t it t t NETO 1 let 
t } fect of oxidation t ith | 
tt ] ! 1 i] i rs, ’ 
t irl thy tt It a} 
that th loet { 
‘ ra l lu t 


The olectric ecuitinn of iron ore H Wal 


1960, 18, | BB) The 


Electric melting economics J. G. Coutant 
R ) \ nt, 1959 47 1073-1078 
bist ted } it and production ¢ t it 

OH 

Gounntionss ¢ experience with a 40- t arc furn- 

ace with high secondary vonage V. A. Kamat 


1960, (2), 12801 f 
( ikii, Iva 1 Kur 
t hat t} } t f 
. t m that t 
th 
; uo jut 
t} t} 


A contribution to the use of liquid pig iron for 
Steelmaking in the electric arc turnace, with 
special reterence to the use ot ~_— phosphorus- 





es wig R. Du G. on 
1, 1958-60, 17-19, (1/4 14 
Iria re conduct > ! 1 ul 
{ } ’ 
7 la 
1) I il t I 
} P 
| , , t oo bye 
t th or r} igi 
t s | i are «l i ! I 
s 1 I t tr ! i it 
t tit 4 } ther t ] 1 
pro s owing to th high rate f ret 
itta i. M ‘ rg and 
trode ons = i pract 
effect of the g el ts and t} 
ics ore let It 
portant fee proces that b 
adding ore to the charge a vield of 130 hase 


iron and seray 
of the mau 


m the juantity of liquid pig 
ould be obtained, this being one 
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reasol for the process being petit t4 
refs rt 

Use of a direct reduced iron in the electric 
furnace I’. UL. Gummeson 1JMME, Elect 


f n. Steel Conf. Proc., 1958, 16, 244-248) The 
author discusses tl roblems and | roilitie 
th 1 f spor I i t furnaces 
lea art th H i! luced 
r 1 fs high tit 
Di trat kixamy ar ted of the u 
t ? if ti tiet T 
furneac 
Use of direct reduced iron in —. electric 
furnace R. W. Farley 1/4 i} urn 
Conf. P » 1958, 16, 49-252) Th 
a ! r clin ~ the ‘ f RON direct-reduced 
ron in the electric are furnace. Its 1 tit 
! sract ! sti it hh t ti ! 
I i tr i tr iu 


| Electrode holders H. 5. Newhall (A/ MM} 

n. Steel Cor l iv5s8, 16, An) 

4) Th rut lene " trat t! 
lect I ! ima st i i 

mer l-ar furnace manufacturing  fterr 

illovs and caleiur earbid t th Fleet: 


Metallurgical Co., Niagara Fal 


Distribution of electrode consumption in an 
electric arc furnace J. Kavenseroft and M 


Prestor Vetallurqia, 1959, 60, Dec., 253-254 

Measurements in th BISRA 10-ewt are fur 

ace ar reported andr lated to pe wer, input 
i furnac ritupe 


The control of large electric furnaces in rela- 
tion to their effect on the supply system J. \W.s 
— Instr. Practice, 1959, 13, Aug., 808 


‘Compressed air v. oil circuit breakers for arc 


turnace switching J. lo. Schrany Iron Steel 
kyr , 1959, 36, Aug., 139, 140, 142 Ih 
ivantage set ut 
Application of er pyrometry in an 
electric ~aranee rT w.A KF. 
Lat ! ,a Kollme 11) TRE. 
I hu St f i PP? 1458, 16, 230 
240) The autl pr t th results of im 
tT a i tI 
fur tay | alter tap, and 
tt t1 liatel Iter te 1 
} how that i mitr ot tappit 
ot toe ny t 
and t it ti temy i p> Tt tay t ter 
‘ i to the li jus temp. gives a good indi 


f ih dain 

Effect of \ various additions on the gas content 

of electric arc and induction turnace steels 
/ IS, 16, 21 an \ 


yrod j 00. 200 ooo | luetion 


Effects of phosphorus and sulphur content on 
Coeany and be of cont low- ~alloy steels 
7 Wi kl eel ¢ 


/ . 1958, 16, 274 282) A itdine ' 


Desuiphurization of steel by injection of lime 
and aluminium ay: arcane alloy 1). kk. Par 
1/MME, } 

} n. Steel ¢ nf. Proc., 1988, 98, 283 396) TI 


aut t i t ? 

iip? rT ti of at ! ¢ ' { 
mixtur fl und Al-M l The t 

1 rit land r ur i ted f 

Dotn a tand SI t t Wit i 

pr r tent ! " | fupt O-eOs 
at it 40 reductior i tained witt 4 
teel, sulphur wa reduced fror 0-02 te 
tb ths 

Som heat techniques «: }. Pride (AIMME, 


rn el Proc., 1958, 16, 313 


August 1960 
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321) At Canadian Uniteast-Steel Ltd, small 
orders for low-alloy steels are met by pouring 
a specified amount of a standard steel into a 
smaller ladle and adding finely divided ferro- 
alloys, nickel, carbon, etc. The practice is des- 
cribed by reference to specific examples, and 
the special precautions which are necessary 
are caiscusse d { 

Split heats at Texas foundries S. 0. Smith 

AIMME, Elec. Furn. Steel Conf. Proc., 1958, 
16, 322-323) Brief details are given of ‘split- 
heat’ practice at Texas Foundries Inc. The 
technique involves re-ladling into smailer 
ladies in — the alloying additions are 
made. 

Split heat techniques. J. W. Tibbits (AJMME 

Ylect. Furn. Steel Conf. Pro 1958, 16, 

325) Canadian Steel Foundries Ltd employs 
OH furnaces from 15 to 50 t, a 74-t acid elec 
tric furnace, a 4-t basic electric furnace, and a 
138 Ib induction furnace. Split heats are made, 
involving re-ladling with alloying additions in 
the ladle, and also diluted heats in which a 
small heat of highly-alloved steel is diluted 
with a lower-alloy metal from a second furnace. 
Brief details of the practices are given G.F 

Split heats at Battelle Institute N. H 
Keyser 1IMME, Elec Furn. Steel Conf. 
Proc 1958, 16, 326-327) Split heats in the 
research foundry at Battelle Institute are made 
by pouring only part of the heat at a time 
from the induction furnace, followed by alloy 
additions either to the ladle or to the meta! left 
in the furnace. Brief details of the practices are 
given.—-G.F. 

Structure a properties of semi-killed 
St5ps steel A. G. Kalashnikov, M. Sh. Beloglov 
skii, and M r Bul’skii (Stal’, 1960, (2), 153 
158) Methods of production and properties of 
St5ps steel in the semi-killed state are dis 
cussed. This gives a 10-12°, saving as com 
pared with fully killed steel and with the best 
techniques the mechanical properties are not 
inferior. The absence of Si is compensated by 
increase in Mn. However, further improve 
lesirable 

Predicting minimum materials cost for stain- 
less steels DD. C. Hilty, R. W. Taylor, and R. H. 
Gillespie (Blast Fur, Steel Plant, 1959, 47, 
Sept., 962-964) The reported of a 
linear programming investigation on the 
economic stainless steel melting in USA, 


aterials, 


ments are 


results are 


) 
T 


taking 1 account sources o!f raw rr 
and melting variables 

Finki and Sons develop process to degass 
steel in the ladle (/ron Steel Eng., 1959, 36, 
Sept., 192) In this process degassing of the 
contents of the ladle is fe 


tional teeming 


llowed by conven 


FOUNDRY PRACTICE 


The mechanization of difficult operations in 
small casting shops V. F. Gramzin (Lit. Provzv., 
1959, i. 2 The standard shaking-out 

chines used at the Voronez! yundry, which 
have cer 

ich are the great amount 

»and the clogging of 

I out moist I 
ario Mm rovemen are sug 


entration equipment, 


oulding 


gested. 

Fountry steshanization and automation H 
tosen berg Techn 1959, 14, Sept., 586 
594) The aims of fo aie mee hanizat on are 
discussed, and examples of the mechanization 
shell, and permanent moulding are 


of sand, 
reviewed, together with other examples of 


2 


mechanization and automation. 

The B.C.1.R.A. experimental cupola installa- 
tion Metallurqgia, 1959, 60, July, 12-16) An 
account of the cupola design and equipment 
It may be operated with cold or hot blast, 
using acid, neutral, or basic slags and with or 
without water-cooling. Data are given of air 
supply and heating, charging equipment, 
molten metal disposal, and instrumentation. 

The B.C.1.R.A. experimental cupola installa- 
tion H. J. Leyshon and R. I. Higgins (BCI RA 
J., 1959, 7, June, 658-666) The principal 
features of the plant are described and illus 
trated. It can be adapted for cold or hot blast 
melting, with or without water cooling, and 
with acid, neutral, or basic slags. 

Experimental cupola is highly flexible H. J 
Leyshon (Foundry, 1959, 87, Oct., 89-91) The 


of the new experimental! 
BCIRA at Alvechurch 


design and Operation 
cupola constructed by 
are described. 
Examination of the TsNIITMASh cast-iron 
meiting installation |. ©. a M. K. Sin 
(Lait. Proizv., 1959, (11), 35) Here are some 
details: 600 mm dia. « a shaft, two rows of 
tuveres, four in a row. Distance between rows 
270 mm; closed top, two-stage recuperator. 
blower of 6700 m'/h capacity 
Experimental melts show that with a blast 
preheated to 450-500° the yield of the cupola 
may increase by 10°, often only 5-8°,. The 
of the blast resulted 
of the water 


Scrubber 


preheating in burning of 
the linings in spite cooling. The 
sulphur content in the iron melted with a pre 
heated blast is between 0-05 and 0-1 which 
on an average is substantially lower than in the 
iron melted with a cold blast 

Some notes on monolithic cupola linings, 
their production and application S. Fransson 
1959, 49, (8), 193 194, 197-198, 201 


203) The composition of rammed linin 


(Gioutervet, 


acid cupolas is discussed; important factors are 
I I 
\ yntent 


some 


grain structure and shape 
ontent i 
and patching proce dures are 


(critical 
details 
Carbon blocks help spur output in two giant- 
size cupolas (/ron Age, 1959, , 184, Cet 8, 118 
119) Two 11 ft dia. cups 

Iilinois, are carbon lined 

Diamond-saw machined car} 

nearly 3 ft in height have been used ‘ 
Effect of coke properties on matting in the 
— W. Patterson and Ff scumann 
sere 1960, 47, March 24, 131 "136) The 


} 
s zones of the cupola 


Al,O, 


ft lining 


(Gies 
beha 
biour of coke in the variou 
is discussed and the coke 
are derived he main factor : to be 


properties hay ured 


specific surface } ( ce VOlVING grain size 
and strength. For cupola practice a } aoe of 
iniform size is of great im 
-oducing consistently 


even quality and 
portance for 

Topical problems ¥ cupola melting and their 
solution abroad Ya. G. Polyakov (Lit. Proiz 
1959, (11), 44-48 ‘A survey of the position 
abroad on the question of cold - hot blast 
Almost all reference European, 
British, and American. 

The thermodynamics of the water-cooled 
hot-blast cupola K. Roesch and H. Huber 
1960, 47, March 24, 145-148) In the 


‘ast iron in the hot-blast 


rood iron 


ss are Western 


Giesserei, 
melting of malleable 
cupola, water-cooling by 
side of the antage only 
consistently high throughputs are required, i 
lisadvantage 


prinkling the out 
cupola is of ad\v when 
all other cases it is positive 
Where it \ 1 ] 


the sulph 


sonsimption is higher 

» iron is 
vid lining i nploved, t mn is 
losses in alloying elemet particularly 
and finally the 
i I is rather high, but the 
supola and parti 
extended. 

Hotter blast in the cupola ~ B. Fr 

lat. Proizv., 1959, (11), 43 Likhache 
Automobile Plant last vear 
new plant for heating the cupola blast to 500 
550° with town gas burnt in the furnace. This 
is fitted with six multi-nozzle burners. This 
new heater, which has operated for the last 
three months, has raised output b 25% 
reduced coke consumption per t of metal fron 
150 kg with cold blast to 110 
at 400 with blast at 500 

Use of calcium carbide in the cupola li 
Timmerbeil (Gjuteriet, 1959, 49, (8), 203-204; 


’ 
from Giesserei, 1958) Coke economy, increased 


water 


life 
larly of the lining ts 


sthcon e higher, 


esc ase a 


100 kg with hot 


and to 90-70 kg 


production and reduced S content are among 
the advantages to be obtained by additions of 
Cac, 

Advantages of melting with calcium carbide 
additions in the cold-blast cupola ©. Stephan 
Giessereitechn., 1959, 5, June, 176-177) It is 
pointed out that Caf ‘an be used to increas 
ically the iron temperature with simul 
taneous coke uction; this is illus 
trated by an example with operating data. 

Continuous carbon injection J. bk. Wilson 
and R. C. Shnay (Mod. Castings, 1959, 36, 
Oct., 55-60) Fine particles of graphite carried 
by a stream of N, through a graphite lance 
immersed in metal are used to increase the 
earbon content of iron melted in an acid-lined 


econon 


charge re¢ 
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cupola, Tests in two foundries established a 
practice which gave consistent and economic 
results.—A.D.H 

Importance and possibilities of weighing all 
materials ° cupola practice H. Weinberg 
Giesserei, 1960, 47, March 24, 148-154) The 
economic importance of weighing everything 
that is fed into the 
weighing machines are 
the large and the small foundry.-—.«. 

Savings through cupola meters (Jron Steel, 
1960, 33, Feb., 78) A cupola meter, manu- 
factured by John Thompson Instrument Co., 
and used for controlling blast on two cupolas, 
has led to uninterrupted melting without 
trouble with cold metal, production has 
increased, and coke and refractory wear have 
diminished. 

_ efficient use of coke in foundries N 
Leede stings, 1959, §, Oct., 7, 9, Ll, 13, 15 
in the production and handling o 
its proper 


cupola is stressed and 
described suitable for 


Some factors ft 


metallur 
ties in foundry use are 

The economic use of fuels in foundries — oil 
fuels H. R. Goode (Castings, 1959, 5, Oct., 33, 
35, 39-41, 43-48) wit ie s, thermal charac 
teristics handling, and safety aspects of oil fu 
in foundry applicati 
ire analysed. 

The economic use of gas in foundries \\. |! 
1959, 5, Oct. 17, 19, 21, 23, 
w of burner design with notes o 


wie al coke which influence 


assessed 


ns are discussed, and cost 


Gomes ustings, 
25, 27) A revie 
control and a comparison of costs with soli 
and liquid fuels and ¢ lectric power. 

The cuaeteatint of iron in the cupola A. \ 
Kaibichev and P. Chernobrovkin (/ 
Proizv., 1959, (12), 22-24) A study of the effect 
of structure, rate of heating, and the oxidizing 
processes on the overheating of iron. The effect 
of the rate of melting and structure on the 
melting temperature was studied on specun: 
of white and grey iron of definite compositior 
With an increase in the temp. of the working 

»in the cupola from 1380-1 670° the ter 
droplets of iron on detachmen 
by LOO rhe 
intensely 
of the oxidizing 
termining the 
ps throug the 


white 
whit iron dropl 
than the 
Processes Was 
losses occurt 
rT yuid iron se 
charge with and without air blast 

The moisture content of air in cupola opera- 
tion k tadtke and W 
1959, §, June, 173-176) 
dictory results ns agg ing in the 
the effects of water additions to the cupolk 
blast, trials carried out on the hot blast cup 
of VEB Leopziger Ei ind Stahlwerke 
deseribed rreat ¢ 
the additi 

tained 
ary air. 

The behaviour of sulphur in the — KK 

' , , 1960, 47, Mare ty 


lp nt ir 


aqua G essere tech» 
In view of contr 


literature 


ges followed 


up (Giessere 
actions involving 
» in the cupola are 
derived that either 
r iron or prevent 1 ‘ 

ken up. Cupola practice including the dé 

f the cupola is lso dealt with T 

Computer for apportioning the burden of the 
cupola \ Loskutov (L vizv., 1959, (11 
19-20 lo gi 1in the suitable quality of cast 
7 machine has been developed 
which permits rapid apportioning of the 
corresponding burden. For this purpose it has 

en assumed that the most complex charge 

sts of nine elements: C, Si, Mn, P, 8 
Ni, and Cu. Cupola production chiefly uses 

rap iron of different origins. The results given 

nsist of the proportion of the different cor 
ponents per 100 kg of burden 

Dust removal — cold-biast — | 
Weber 1960, 47, March 155-157 
A simple dust catcher for ‘cold- b toe ‘cupolas is 
described that removes about 70% of the total 
dust. The larger particles are removed by 
aerodynamic means, the finer dust is preeip! 
tated when the stream of gas is led through a 
water-mist sereen. As the dust-catcher 
simple in design and easy to operate and also 
not expensive to buy the smaller fo ndiry is 
able to afford it. The running costs are about 
9d/t of iron.—tT.G. 

Increasing the pressure of the air blast to the 
cupola V. M. Gorfinkel’ and A. V. Chernetso. 


iron, & computing 


12. rei 
(Giesserei, 








(Lit. Proizv., 1959, (11), 42-43) The normal air 
blast pressure in cupolas of 750-800 mm dia. 
fluctuates within a wide range from about 400 
to 650 mm water-gauge. A cupola of 800 mm 
dia. working with a blast of 400 mm water- 
gauye at the tuyeres was reconstructed and the 
blast pressure increased to 650 mm with an 
increase of 20°, in the volume of blast. The 
cupola yield was increased from 3-5 to 3-7 t/h 
The temp. of the iron was raised from 1330 
1370° to 1360-1390 . O, was fed periodically 
to the forehearth. As a result rejects for gas 
blisters fell from 3-3 to 2°, 

The economic use of fuels in foundries 
electricity K. A. Cameron (Castings, 1959, 5. 
Oct., 29-31) Economies of the use of elec 
tricity in core baking, heating of patterns and 
moulds for shell mould castings, and in melting 
operations are reviewed. 

30-ton electric melting furnace ©. Hides and 
J. B. Machin (/ng. e. Indust., 1959, 26, Sept., 
118-123) [In Spanish} Technical details of a 
30-t are furnace are supplied. P.s. 

Larger arc furnaces for melting shop and 
foundry W. J. Kelsey (Brit. Steel., 1959, 25, 
Sept., 332-335) Some design features of 
modern Metalectric arc melting furnaces are 
described, and the trend towards larger capac 
ity furnaces is discussed. 

High-frequency induction melting of steel in 
furnace units up to 54 tons capacity Ss. J. 
Marmaroff (AJMME Elec. Furn. Steel Conf. 
Proc., 1958, 16, 162-168) The induction melt 
ing experience of Babcock and Wilcox Co 
covers furnaces up to 4-t capacity and the pro 
duction of heats, by simultaneous melting, of 
up to 54-t. The present installation is described 
and details are given of typical operating 
practice. -—G.F. 

High-frequency induction melting of steel in 
units up to 5} tons capacity J. T. Gow and 
C. F. Hamilton (AIMME Elec. Furn. Steel 
Conf. Proc., 1958, 16, 151-160) The Sandusky 
Foundry and Machine Co. operates a melting 
shop of six induction furnaces ranging from 
$-t to 54-t capacity. A description is given of 
the layout of the shop and of the furnace 
refractories and lining procedures used. Details 
are also given of the melting practices adopted 
and the method of composition control. —G.¥F 

Pig iron from scrap steel (/ron Steel, 1960, 
33, Jan., 33-34) The Birlefeo 3-t are furnace 
described has been installed at the foundry 
department of Ferranti Ltd to produce pig 
iron and special cast irons from scrap steel. 

Electrosiag remelting of ball-bearing and 
chrome nickel tungsten constructional —% 
Yu. A. Shul’te, A. . Tregubenko, V. 
Smolvyakov, V. D. Maksimenko, V. P. i 
sev, S. A. Leibenzon, and I. A. Garevskikh 
(Stal’, 1960, (1), 45-50) Experimental work on 
these difficult grades of steel was carried out on 
182 melts in the state as cast and after forging. 
The S and Si were found to alter during 
electroslag remelting and losses by oxidation 
depend greatly on slag composition. The slags 
also fall in S so that volatile compounds must 
Pure, uniform, and dense metal 
of high quality is obtained. 

Furnaces and mixers heated by low-fre- 
quency induction in iron foundries A. Taglia 
ferri and P. L. Oliva (Fond. Belge, 1960, 30, 
Feb., 44-51) An illustrated survey. 

The forehearth induction mixer in the 
modernization of the iron foundry Ml. de Boc 
and A. Tagliaferri (J. Four. Elect., 1959, 64, 
May-June, 129-133) Examples are given of the 
design, operation, and results obtained from 
several types of low- and mains-frequency 
induction mixers. 

an metal cooling for Sonautete —— 
D. E. Cooper and E. D. Dilling (J. 4 » 1959, 
12, a 149-151) Experimental se on the 
use of Na-K cooling in the consumable elec- 
trode melting (of Ti) is described, and it is 
shown that the system is safe and practical for 
this type of furnace. 

Continuous casting, Present horizontal pro- 
cess for cast iron bar Z. Stokowiee (/ron Steel, 
1959, 32, July-Aug., 375-378) Developments 
and operation of the horizontal continuous 
casting machine at Sheepbridge Alloy Casting 
Ltd are described. 

Economic casting of ductile iron ©. W. 
Gilchrist (Foundry, 1959, 87, Oct., 84-88) Cost 
achieved through elimination of 


be eliminated. 


Saving 18 


risers, by control of metal composition and 
other measures which are described. 

Ductile iron quality control S. F. Levy (Mod 
Castings, 1959, 36. Oct., 38-41) Methods of 
eontrol of charge, metal composition, sand 
properties, and physical properties of annealed 
ductile iron castings are described A.D.H 

The eflect of phosphorus on the mechanical 
properties of flake graphite ont iron G. N. J. 
Gilbert (BCI RA J., 1959, 7, June, 692-724) Up 
to 0-8°. P increases te nails strength, associated 
with a decrease in eutectic cell size. This is 
found whether P is added to the melt as ferro-P, 
is present in the pig iron charge or is added 
immediately before pouring. Determination of 
elastic moduli showed no appreciable variation 
with P content. Brinell hardness increased 
about 40 points for addition of about 1°,P 
(11 refs). 

Sy in ceramic moulds V. M. Kolchinskii 

Lit. Proizv., 1959, (12), 2-3) Casting in cer 
amuic moulds eliminate s the disadvantages con 
nected with casting steel and heat resistant 
alloys in sand moulds. Mixtures of marshallite 
and quartz are used as fillers with ethyl silicate 
as binder. Moulds are made without fusible 
patterns. Wooden patterns are used, thickly 
coated with alcohol-resistant varnish, so as not 
to interact with ethyl silicate. The 
allow casting up to 1 700°. 

ae blast furnace iron IP’. b. Kurichkin 

lat. Proize 3-4) Experiments are 
described on iron drawn from the 
The iron 
between 5-8 and 


moulds 





casting 
standard 100 t carrier into a 2-t ladle. 
had a content of Si+ Mn 
6-7°.. With a view to improving the quality, 


the iron was treated with Mg so that the 
residual Mg was between 0-017 and 0-060°%. 
Castings produced from this iron were tested 


under industrial conditions, these castings 
consisted of nuts for the blast-furnace hoists, 
gears for pug mills and for liquid mixers, 


blast-furnace, 
Results demonstrated the 
Mg-treated iron direct 


piston rings, scale cars for 
charging boxes, etc. 
advantages of using 
from the blast-furnace. 

tron castings of high quality [. Nedosek 
(Lit. Proizv., 1959, (12), 38) At the Gur’ev 
Metallurgical Works one cupola casts com- 
ponents for the mill machinery among which 
are couplings for the 500 mill. To obtain the 
required properties, a special charge is used 
with 25°, steel scrap instead of the 10° 
normal proportion. As a result a fine structure 
is obtained with a large percentage of combined 
earbon. UTS is ~15 kg/mm? and in some cases 
reaches 20-22 kg/mm?. 

Foundry practice: casting ingot moulds from 
mixtures of first-melt foundry and conversion 
pig iron L.. M. Cherkasov, L. A. Kolesnk, A. Ya 
Gembera, and N. P. Nemykin (Stal’, 1960, (1), 
93-95) The suggestion is made that the 
required composition could be attained by 
mixing foundry and low-Si irons in the ladle 
cars, thus extending the direct use of pig iron 
from the blast-furnace. The structure and life 
of the moulds is said to be improved. 

How section size affects grey iron castings 

R. C. Bates (Mat. Design Eng., 1960, §1, 
100 102) Testing bars were cast and ehies 
flake classification and relationships of size to 
microstructure, tensile strength, and hardness 
are shown. Correlation with machinability is 
sought. 

On special malleable iron alloyed with boron 
and copper I’. Shimomura and 8. Mizunuma 
(Imono, 1959, 31, Sept., 781-787) Malleable 
iron from duplexed cupola-reverberatory furn 
aces with 0-002-0-020°.B or B-treated 0-25 
1-54°.C was examined. Grahpitization time 
was reduced up to 0-005°,B and increased by 
more, while second graphitization was shorten 
ed by increase of B. Elongation increases and 
strength and hardness fall with addition of B 
alone. With B and Cu various advantages were 


found. 

The production of spheroidal iron in air-tight 
ladies A. Jankowski, Piaskowski, and J 
Rumor (Fond. Ital., 1960, 9, (1), 1-5) The 
increase in production of spheroidal iron 
makes the development of more economic pro 
necessary, in particular a 
method for adding My to the molten iron. 
After outlining the methods in current use the 
authors describe a new method of producing 


suitable 


cesses 
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spheroidal iron in air-tight ladles 
produced excellent results whe 
industrial scak 

Effect of sulphur on the spheroidizing of 


which has 
sd on an 


n applic 


graphite in cast iron with calcium M. Maru 
yama and H. Doi (Zmono, 1959, 31, S pt., 793 
799 The minimur CaSi giving spheroidal 
graphite increases linearly with S content. The 
max. residual S in cast iron is 0-02°; and above 
this spheroidal structures could not be ob 
tained. Mn promotes spheroidization with 

0-Ol Ss. 

Report of a a study made by the titanium- 
containing cast iron Se S. Morita 
Tmono, 1959, 31, Sept., 811-821) [In Japan 


ese 11, Committee of ‘ren castings (Qct., 1031 
1044) 

Effects of titanium on calcium spheroidal 
cast iron T. Kusakawa and 8S lijima (Jmono, 
1959, 31. Oct., 1002-1008) Ti may have an 
antispheroidizing effect, it is more marked with 
Ca than with Mg iron. Mischmetal « 
the antispheroidizing effect of Ca 

Development of green sand moulding of large 
castings at the steel foundry of Soc. Terni 
C. Jacearino (Fond. Ital., 1960, 9, (12), 7-14 
In US steel foundries almost all small and 
medium produced by the green 
including castings weighing up 
This is mainly due to the 
of specialization and mass 


ounteracts 


castings are 
sand method, 
to 5 tt 
degree 


extreme 
production 
for which the green sand moulding technique is 
particularly suited. This article describes the 
process and emphasizes the difficulty of extend- 
ing it to large castings which are not for mass 
production. 

Structural variables inffuencing mochaenaes 
properties of high strength and cast steels M. 
Flemings, R. Green, and H. F. Taylor Mod. 
Castings, 1959, 36, Oct., 84-98) Thin plate 
castings of 4330 steel containing 0-27%C 
1-1% Mn, 0-5%Si, 1-8°,Ni, 0-9% Cr, 0-4°Mo 
were cast in moulds having different thermal 
properties to determine the effect of solidifica- 
tion rate on mechanical properties in the 
quenched and tempered condition. Strength 
properties were constant in all plates but the 
large variations in ductility were attributed to 
differences in microstructure and inclusion size 
and distribution. The differences in solidifica 
tion conditions did not affect the macrostruc- 
ture. The effect of drastic chilling on structure 
and properties of metal melted and cast under 
conditions of are 
(34 refs).-A.D.H 

New look in steel castings W. H. Dunn 
(Mod. Castings, 1959, 36, Oct., 30-32) Exam 
ples are given of the application of precision 
casting methods, vacuum treatment, and new 
alloys in aircraft castings. 

Foundry designing for steel castings A. B. 
Steck (Mod. Castings, 1959, 36, Oct., 103-104) 
Methods of controlling hot tearing by control 
of pouring temperature and sand properties 
are described A.D.H 

improving the quality of precision steel cast- 


welding was investigated 


ing K. K. Prokhorenko and E. V. Verkhovtsev 
(Lit. Proizv., 1959, (11), 10-11) Investment 
casting is carried out at the Ishevsk Engineer- 


ing plant. The moulding mixture consists of 
70:30 paraflin wax and stearin. The compon 
ents are cast mainly from carbon steels. The 
metal is melted, the slag removed, Fe-Mn, 
Fe Si, and Al (0°1%) added. The 
often cracked, and marked with 
etc. due to the oxidation of the 
deoxidizers by the atmospheric air. To cover 
the metal and insulate it against the 
phere, different slags were placed on the open 
metal surface and the best results were 
ob ? sined with a 4:1 sand/soda mixture with 
I ,H,BO 

ination the qty of steel castings I. I’. 
Kolchin and V Ryzhenkov (Lit. Proizv 
1959, (11), 12-14) “as the ‘Sibtvazhmash’ plant 
a chromite coating is used against crust forma- 
tion. It is applied by spray to the surface of the 


mould chromite, 2° 


surface is 
gas bubbles 
iron and of the 


atmos 


and consists of 86/89° 


dextrine, 9--12°4, erude molasses. Since 1955 
waterglass mixtures have been used and the 
moulds are blown with CO, for 2-5 min 


The effect of the gas medium on crust forma- 
tion on steel castings B. N. Blagov (Lit. 
Proizv., 1959, (11), 7-10) A reducing, or a 
neutral atmosphere in the mould eliminates 
crust formation on castings. Tests were carried 
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out at 1550°+45 . The gases given out were 
analysed. The experimental castings were 
hollow and filled with cores of different mix- 
tures. It was established that CO, is the main 
factor in crust formation. It is not, however, 
possible always to avoid crust formation by a 
reducing atmosphere. Increased pressure on 
the core must also be supplied as it slightly 
reduces the elimination of gases. 

Some consideration on the nature of mould- 
ing sand G. Kashima (Jmono, 1959, 31, Sept., 
806-810) [In Japanese}. 

Relation of permeability in the sand mould 
and gas pressure in the mould cavity M. Muta- 
guchi (Imono, 1959, 31, Sept., 775-781) Pres- 
sure was measured by pouring Hg in a glass 
mould where it was proportional to the square 
of the rate of pouring. In standardized casting 
of iron in sand moulds the defects due to lack 
of permeability were removed by increasing 
the number of vent holes. The number required 
is calculated. 

A test to control green sand properties in the 
mould J. Hermes, D. Bautista, . Hansen, 
Kyaw Htun, R. G. Lundholm, P. H. Meyst, 
A. C. Mueller, W. F. Shaw, and J. R. Wid- 
moyer (Mod. Cast., 1960, 38, Jan., 36-37) 
Methods of producing non-standard AFS sand 
specimens are described, Thus specimens with 
sunilar hardness and density to that of actual 
moulds can be produced. It is also shown that, 
when the hardnesses of mould and specimen 
are equal, then their densities are also equal. 

Density.sand grain distribution efiect on 
physical properties 1. W. Seaton (Mod. Cast., 
1960, 37, Jan., 45-48) The effects of sand 
distribution and grain distribution on the 
physical properties of sands in the mulled, 
clay-bonded, and tempered condition are 
presented. 

Strength of moulding sand exposed to high 
temperature K. Hirakata (/mono, 1959, 31, 
Oct., 1018-1024) Tests at 700°, 900°, and 
1150°C are reported, Natural moulding sand 
shows a decrease of strength at the beginning 
of exposure but this can be prevented by addi 
tion of bentonite or by mulling. The sy nthetic 
sand showed no decrease. 

Stickiness in core sand mixtures AFS Sand 
Division Committee 8-K (Mod. Castings, 1959, 
36, Oct., 68-70) The reviews the 
causes of stickiness and methods of overcoming 
this difficulty The Retained Sand Test, 
although reliable in certain circumstances is 
not submitted as a satandard.— A.p.H. 

How effective can a sand slinger or sand 
rammer be in a jobbing foundry A. 8. Beech 
(Engineer Fo 1959, 25, June, 34-37) 
The author explains that a sand slinger is valu 
able in a jobbing to its flexi 

bility, high rate of working, evenness of fill, 
and care of the patterns.—D.L.Cc.P. 

On the deterioration of foundry sands: 
collapse of foundry silica sands combined with 
bentonite S. Yabuuchi and M. Takeda (Imono, 
1959, 31, Sept., 769-774) Effects of temp. and 
grain size on test-pieces heated at 400—-1300°C 
and air cooled were investigated. The 
were then crushed by static load and cracks 
were looked for through the 
Collapse was considerable at the highest temp 

Patterns today and tomorrow KR. Olson (Mod. 
Cast., 1960, 37, Jan., 42-43) A general deserip- 
tion of new techniques, and of future needs and 
solutions. 

Pattern engineering P. B. Croom 
Castings, 1959, 36, Nov., 38-41 The 
pattern construction in relation to casting 
design and production is discussed,—A.D.H, 

Standardization of pattern equipment with 
epoxy resins N. Futterman (Foundry, 1959, 
87, Oct., 122-123) The Utility-Industrial 
Division of Burndy Corp., Norwalk, Conn., has 
cut down variations in patterns by partial 
standardization using epoxy patterns 
Some exampk 8 are given. 

Principles of gating J. F. Wallace and E. B. 
Evans ( Foundry, 1959, 87, Oct., 74-81) Under- 
lying principles of gating systems —their func- 
tion, pouring rate, fluidity and oxide 
formation, application of hydraulic principles, 
and design detail are given, the subject being 
treated generally, without application to speci- 
fic metals (23 refs). 

Feeding distance of risers for grey iron cast- 
ings G. K. Turnbull, H. D. Merchant, and 


G. 


committee 


undryman, 


foundry owing 


pieces 


microscope. 


(Mod. 
role of 


resin 


skin 


J. F. Wallace (Mod. Cast., 1960, 37, Jan., 1-6) 
In this investigation rigid moulds were used, in 
order to avoid complication. It was shown that, 
so long as adequate feed metal to compensate 
for contraction is provided, self feeding of grey 
cast iron allows unlimited feeding distance for 
risers. 

Mechanization of individual and small scale 
production A. 1. Zorin ( Lit’ Proizv., 1959, (12), 
15-16) A machine for densifying by vibration 
is described. The densifying of the mixture in 
the box, the making of venting channels and 
the removal of the finished core can all be 
mechanized on this machine and as a result 
labour productivity has increased by a factor 
of 2-3. 

Sheil moulding machines M. Klemmer 
(Giesserei, 1959, 46, Sept. 10, 517-524) Various 
types of shell moulds and their method of pro- 
duction are described, and German moulding 
machines are described and classified. Output 
and economic data are given (17 refs). 

New polymer sand binder J. L. Dewey and 
T. J. West (Mod. Castings, 1959, 36, Nov., 34 
37) The properties of foundry sand to which 
0-05°, proprietary polymer and 0-05°%Na 
tetrapyrophosphate was added are given. This 
new bond eliminates the need for organic bonds 
and enables lower amounts of bentonite to be 
used. The sand requires less milling, produces 
harder moulds with less ramming, and has 
better collapsibility.— a.p.H. 

Proof of the product is in the casting J. 
Schaum (Mod. Castings, 1959, 36, Nov., 34) 
The addition of 0-021°, polymer binder to 
steel foundry sand has eliminated the use of a 
cereal binder and increased productivity 

Core box rigging for high production W. H. 
Miller (Mod. Castings, 1959, 36, Oct., 99-102) 
The design of steel faced magnesium core boxes 
for the production of blown oil-sand cores with 
minimum maintenance is discussed.—A.D.H. 

A new method of preparing casting moulds 
and mould cores M. P. Maidanov (Stal’, 1959, 
(10), 919) A method of working the CO, pro- 
cess is described using pure silica sand water- 
glass of dens. 1-4-1-45 and blowing with air-+ 
co, 

8B binder used for large iron castings N. P. 
Frolov (Lit. Proizv., 1959, (12), 9-10) SP 
binder can be made on the spot from sulphite 
distillation liquor Type KBSh and the process 
of manufacture is explained. The correct for 
mulae for the preparation of quick-hardening 
mixtures with this binder have been confirmed 
in practice. The entire process of moulding is 
described. 

The effect of densification on the strength of 
the moulding mixture with SB binder N. 1. 
Egorkina (Lit. Proizv., 1959, (12), 31-32) 
The rapidly hardening moulding and core 
mixture with the SB binder was used for 
determining the relation between the physical 
and mechanical properties of the mixture and 
the degree of densification. Curves obtained by 
correctly observing all drying conditions may 
be used for assessing manufacturing conditions 
within a certain approximation. An approxi 
mate relation between compactness of the 
filling in moist and dry condition is character- 
ized by the conversion coefticient 9, which 
may also be used for approximate calculations. 

Control specimens for the mechanical proper- 
ties of precision castings Yu. E. Bondarev and 
V. M. Sokolov (Lit. Proizv., 1959, (11), 40-41) 
In reply to another article (ibid., 1958, (9), 
N. M. Tuchkevich) the authors point out that 
tests on standard cast specimens are grossly 
erroneous on the mechanical properties of 
castings, thus, the yield-point on the new 
specimens proposed by them is 15-20°, higher 
than on the standard form; ultimate breaking 
strength is sometimes 10°, higher. Similarly 
relative elongation of the new specimens is 
60-70°, greater than of the old. The reduction 
of area also shows higher values as does impact 
breaking strength. 

Fluidity of the moulding mass and densifying 
the moulds by compression (. M. Orlov (Lit. 
Proizv., 1959, (11), 35-40) A thoeretical con- 
sideration of mixture densifying by various 
means, compression, vibration, etc., and also 
by means of the fluidity of the moulding 
mixture. 

Sand-blowing machine for making cores 
from chemically hardening mixtures A. M. 
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Neimark (Liat. Proizv., 1959, (11), 21-24) The 
internal cavities of castings for suction and 
force pumps and front and rear sockets for 
centrifugal pumps are made manually in rela- 
tively complicated cores of between 15 and 
40 kg in weight. To mechanize the entire pro- 
cesses of filling the mould, densifying, turning 
it over, removing the finished core, etc., the 
VNIIPTuglemash has developed a_ four- 
position unit type LU-505 working with 
mixtures on the base of waterglass. A full des- 
cription of the machine is supplied with dia- 
grams and dimensions. 

Casting design symposium k. 
Cast., 1960, 37, Jan., 38-40) A 
the above symposium held by EIMCO Cor- 
poration (American Foundry and Machine 
Company Division), and of the reactions of 
those at the symposium. 

Casting steel blocks with external chills 
Yu. E. Geremrot and I. A. Pilipenko (Lit 
Proizv., 1959, (11), 42) Initially these castings 
were made in green sand The castings had 
sand blisters and shrinkage holes. Later the 
process was changed to dry sand with external 
chills. Diagrams are given of the new mould 
which has resulted in appreciable savings 

Casting of one-piece flywheels N. 1. Vasil’ev 
(Lit. Proizv., 1959, (11), 14-15) The casting of 
a flywheel 8 m dia. weighing 51-3 t is described. 
The total amount of metal cast was 154-8 t to 
include allowances, sprues, and runners. The 
casting was annealed at 880-900° for 55 hina 
pit furnace. 

Nodular cast iron piston rings with a ferritic 
matrix T. Dumitrescu and P. Popescu (Found. 
Trade J., 1959, 107, Oct. 15, 319-323) A ferritic 
matrix containing spheroidal graphite and a 
relatively high Si content is said to better be 
and easier to achieve than the customary 
pearlitic material. The conditions of produc- 
tion, structures, and wear resistances are 
with tables of endurance in service. 

improving the technology of casting worm 
gears N. N. Lisetskii (Lit. Proizv., 1959, (11), 
41-42) A modification of the original method 
of aneiinas these wheels is described ensuring a 
reduction in the extra metal for 
finishing. The mould has been altered, also the 
position of sprues and the structure of the 
This has improved quality of production 
by 60-70% 

For economical pipe casting - the De- 
Lavaud process G. Bernhardt (Canad. Metalw., 
1960, 23, Jan., 24-27; Feb., 34-36) The present 
position "of the DeLavaud process is described, 
The author also deals with casting practice 
and considers preparation of the machine, 
pouring, forming, and extracting. 1.6 

Calculation of thermal stresses and deforma- 
tion of castings of constant cross-section 
(method of moving the neutral point) L. 5 
Konstantinoy (Lit. Proizv., 1959, (11), 27-31) 
A theoretical study of the bending of a solid 
body due to heat; addition of temp. fields and 
diagram of heat stresses; the calculation of 
deformation and stresses of a solid body by 
arbitrary temp. distribution over its cross- 
section; and finally applications of these 
mathematical formulae to concrete examples 
are described. 

Suction casting A. A. Ridnyi (Lit. Proizv 
1959, (12), 12-13) The production of sleeves by 
suction casting is described. The thick-walled 
mould, continuously water cooled, is immersed 
at its lower end to a depth of 15-20 mm into a 
bath of liquid alloy and this is sucked in by 
means of a vacuum. The installation and the 
mould are described, as well as the entire 
operation. 

Casting intricate iron machine components in 
multi-sectional chill moulds (. 1. Gordon (Lit. 
Proizv., 1959, (12), 7-8) The casting is des- 
cribed of a connection to an ice machine of a 
very intricate design which was cast into a 
multi-sectional mould assembled before cast- 
ing. Results were found to be satisfactory and 
rejects were reduced from 60-80%, of the pro- 
duction to only 10-15% after hydraulic and 
pneumatic tests. 

Centrifugally-cast steel pipe and other 
tubular products J. T. Gow (Found. Trade J., 

1959, 107, Dec. 10, 579-585) An illustrated 
account of operations at Sandusky Foundry 
and Machine Co. (Ohio), is given. The casting 


Russell (Mod. 
description of 


given 


mechanical 


cogs. 





machine is described and the influence of rate 
of rotation, pouring temp., and rate and other 
factors are considered, Heat extraction from 
the surface requires control and pressure dur- 
ing soliditication, composition, and machining 
allowances also need attention. The properties 
and inspection of the pipes are also outline ” 

Process control in the investment shop J 
Mitton (Found. Trade J., 1959, 107, Deo. ; 
560-563, discussion 563) Design factors, temp. 
and humidity control in the investing room, 
binder life, and dipeoat drying (with constant 
temp. and moisture recording), raw materials 
control and storage, the dipcoat, and invest- 
ment procedures are outlined. 

Shell moulds for castings |). 
Elect., 1959, 23, Feb., 69-78; 
April 81-93) [In Spanish] A comprehensive 
review of shell moulding processes is given. It 
deals with sands and resins, making and closing 
the moulds, use of hot and cold pre-coated 
sands, making shell cores, control of the struc- 
ture of the castings, and their quality. P.s. 

Shell cores with waterglass mixtures \. 5. 
Burov (Lit. Proizv., 1959, (12), 38) A core 
mixture is recommended which 
70% by weight of Bantishevsk 
spent moulding mixture, 7 
1% NaOH (10°, solution), and 0:5% piteh. 
CO, is blown for 3-5 min. for setting. 

The effect of the shell mould on the cast- 
ability and cooling of the cast iron M. LD 
Malegin (Lit. Proizv., 1959, (11), 5-6) Two 
layer shells were tested of different proportions 
of the same material, 


Iturrioz (Met. 
March, 83-93; 


consists of 


sand, 30 


waterglass, 


quartz sand and phenolic 
resin, the inner shell 1-2 mm and the outer 
shell 4-10 mm thick. The iron flow was studied 
on spiral cast ings. The moulds were filled under 
different cooling conditions in iron boxes and 
covered with iron shot or dry quartz sand. The 
granulation of the moulding mixture, conte nt 
of phenolic resin, and densification of the 
packing do not change the iron flow to any 
appreciable extent. Finer sand and less phenol 
ic resin in the moulding mixture slightly 
diminish the flow. 

Investment casting in shell moulds: Part 1, 
Silicate shells > KE. Schlinkmann (Preo. Met 
Mould., 1959, 17, Nov., 66-67, 103, 104) A 
description of the using the Nalcast 
range of silicate powders and binders. 

Investment casting in shell onet 8S. A 
Miniea jun. (Prec. Met. Mould., 1960, 18, Jan., 
40-41) A brief account of the properties of 
and the obtained. The 
mould making process is illustrated. 

The wetting of the ene materials by the 
molten alloy |. V. Valisovskii (Lit. Proize 
1959, (12), 32-35) A study to determine the 
angle of wetting for various moulding materials 
under different conditions is explained. A 
formula is given for the interfacial tension at 
the metal-quartz sand boundary calculated 
with the constant for the surface energy of the 
quartz sand. The wetting of the quartz sand 
and chrome-magnesite mixture by Armco iron 
is shown graphically; the wetting 
rapidly with an increase in grain size. The 
wetting angle of the molten alloy was deter 
mined for different moulding materials and for 
different gas media. 

Some methods of reducing the degree of 
nucleation of a grey cast iron in relation to 
sinking under bosses on thin plates A. (. Fuller 
(BCIRA J., 1959, 7, June, 
shown that sinking and nucleation are reduced 
bv bubbling O, through the furnace, poling 
with a green pole, holding the metal at temp 
or adding Ti to the melt, with or without 
subsequent CO, bubbling. 

Surface detects be precision castings b.-( 
Nickel (Giesserei, 1959, 46, Se spt. 10, 528-532 
Externally-visib ie defects are classified, and 
illustrated examples are given, with a discus- 
sion of their possible and remedial 
measures. 

Effect of Al and N on the eosurvense of inter- 
granular fracture in steel —- B. C. Wood- 
fine and A. G. Quarrell (JJSJ, 1960, 195, Aug., 
409-414) [This issue]. 

Defects in permanent mould grey castings 
D. Junghans and G. Schwarz (Giessereitechn., 
1959, 5, June, 179-185) Typical defects are 
classified, causes examined and measures for 
their prevention discussed, with examples. 


process 


Glascast tolerances 


increases 


causes 


Parashrinkage phenomena veining, 
penetration, scabbing, hot a 
Williams (Mod. Cast., 1960, 37. 

The origin of hot spots is discussed (and their 
location), and metal shrinkage, and the 
defects given above are explained. 

Gases in cast iron 8. Marinéek and H 
Feichtinger (Giesserei, 1959, 46, Aug. 27, 489 
497) Data of the gas contents of cast iron 
specimens melted in various and 
poured into Cu moulds are gZases 


metal 


furnaces 
given. The 
present in cast iron and their behaviour are 
discussed and the determination of O,, H,, and 
N, by vacuum fusion is described and discussed 

15 refs 

On scab formation in a semi-synthetic sand 
— U. Harada and K. Nishiyama (Imono, 
1959, 31, Oct., 1009-1018) A table giving the 
results is shown. 

An inertia shaking-out frame K. A. Chaikoy 
skii (Lit. Proizry., 1959, (12), 13-14) A 10-t 
inertia knocking-out frame is described. Its 
technical characteristics are: li 
10-t. 850 rpm of the 
inertia 16-t 
1000 em/sec?, 


vibration 2 


{ting capacity 
loaded shaft t of 
greatest vertical acceleration 
greatest amplitude of vertical 
mm; ll kW motor with 920 rpm 
Sixteen springs of seven turns each. Dia. of 
wire 


» momen 


25 mm average dia. of spring 92 mm 

Study of the knock-out of sodium silicate 
cores hardened with carbon dioxide: application 
to the case of unalloyed steel castings \I 
ecolas and X. Virolle (Fonderie, 1959, (158), 
March, 133-135) The results obtained with 
various core mixes and size of castings are 
tabulated and discussed 

New method of trimming and fettling cast- 
ings M. Kashanskii, M Kremer, and 8S, 
Tivecdbans (Lat. Proizr 1959, 12), 8-9) A 
process 1s described for fettling by gas flame 
It is explained that this operation may be 
divided into three stages based on the differ 
ence in the behaviour of the pce Baer compos 
ing the oxide laver and the surface laver of the 
metal. Also air-are fettling 
of risers and 


Jean 


round the remains 
used after extended 
investigations and has resulted in standardiz 
ing these operations. 

An examination of methods used to improve 
the surface finish of shell-moulded low carbon 
steel castings 1D). 8B. James and J. M. Middleton 
(Brit. Found., 1959, §2, S« pt., 387-395) Addi 
tions of 24° oMnO,, 24°,Mn0O 14°, PbO,, 
2$°,CaCOy, or 24$°%,Na,CO, to resin bonded 

only a slight improvement to 
of a simple step casting setter 
obtained with 


sprues is 


silica sand gave 
the surface 
results were 
sand shells. Castings made 
bonded shells surtaces but 
tended to give cold laps on sections } in 
and swelling on those < | in .D.H 

Controlling costs of foundry operations K. 7 
Rinderle (Mod. Cast., 1960, 37, Jan., 13-16 
\ method of cost « 


the various shops, 


zircon and olivine 


in sodium silicate 


had satisfactory 


ontre ol is in which 
and individual operators 
‘goals’ expressed in terms that’ they 
understand. The development and application 
of the system are dealt with, and its advar 
tages explained 

Cost control in the foundry 1). A 
Foundry Trade J., 1959, 107, Nov 
The application of a work study 
introduction of controls and specimen time 
and-motion study sheets are described and two 
cost control systems are explained 

Atmospheric dust in investment foundries 
C. M. Stoch (Found. Trade 1959, 107, 
Dec. 3, 553-557) The health hazard, samp ling 
and counting and free SiO, determination, the 
observation of dust cloud movements and dust 
suppression are outlined (discussion 557-559 


escribed, 


have 


Crooks 
. 5, 411-418 
system, the 


VACUUM METALLURGY 


Vacuum treatment of metals ( Foundry Trade 
J., 1960, 108, Feb. 11, 169) A 
melting, refining, and degassing processes 

Low pressure metallurgy A. S. Darling 

Vetallurgia, 1959, 60, Oct., 137-143; Nov., 
193-199; Dec., 263-267) A reviev The his 
torical aspects are outlined up to 1917 with 
special reference to iron. Nov., 193-199) In 
this section, cathodic sputtering and its labora- 
tory and industrial applications are discussed, 
and the mechanism and applications of vacuum 


vaporateion are described. (Dec., 263-267) A 
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iew of industrial 

f the series. 

Contribution to the study of the electric steel- 
making furnace (. Grenier Four Elect., 
1959, 64, (3), 137-138 methods of 
casting outlined briefly 
with some reference to the con 
sumable electrode process 

Vacuum treatment ot molten metals Lirlec- 
Efco (Melting) Ltd (Met. Treatment, 1959, 26, 
Nov., 421-422) A vacuum refining furnace for 
special alloys is briefly described. It is a 15-cwt 
mains-frequency induction-melting furnace 
housed in a tiltable vacuum tank. Turb 
of the metal in the vacuum vessel is induced 
by electro-magnetic m 


final article 


sal ate 
under a vacuum are 


and compared, 


ilence 


sans and cycle 

sonably “a rt. r.¢ 
Metallurgy and gts melting D. It ~—o 
Vet. Elect., 1956, 20, Jun., 94-100; July 

58) [In Spanish] An account is given of che 

xivantages of vac 


times are 
therefore reas 


uum melting in metallurgy. 
Constructional details of six different com- 
mercially available furnaces are given P.8 

Some problems in vacuum arc melting with a 
consumable electrode 1). A. Shabanov (/ 
VUZ Chern. Met., 1958, Oct., 37-42 Rela. 
tionship between ed electrode dia. is 
examined, relation to elec 
trode dia. and furnace pressure is investigated 
Metal | as a func 
tion of or ae and variations in O, 
during melting are tabulated for an F: 
an Fe-Mn allo 

Low cost refining of molten metais 
lurgia, 1959, 60, Nov., 204, 211) An account of 
the Birlefco installation at the sirrmoingham 
works of Henry Wiggin and Co. Ltd, 
degassing and vacuum refining 
Spec ial alloys 

Vacuum heat-treating: A review of — 
sew techniques and furnace equipment | 

ecket (Met. Treatment, 1959, 26, Nov., 91 
~ rhe field of application of vacuurn heat 
treatment including brazing and sintering, the 
furnaces used for these 
pumping stems, power supply, 
control are briefly deseribed r.< 

Vacuum melting ane casting K. G. Lewia 
Iron Steel, 1960, 33, Feb., 47-52) 
Objects of vacuum melting, and basic methods 
of melting, casting, and pouring are outlined, 
and oxidation during 


and 

and metal loss in 
8808, Changes in Cr content 
ontent 


Cr and 


V etal 


which is @ 
unit tor refining 


purpose acuum 


and temp. 


e Jan., 3.8; 


tapping, teeming, and 
casting in alr Methods 

ladle degassing and vacuum ingot casting 
are deseribed, and the effects 


tions 


is considered (57 refs 

of pressure varia 

on the molten metal are d. Refer- 

ence is made to the Dortmund -Horder method 
of degassing in stages 

Vacuum casting R. H. Herrmann (Foundry, 

1959, 87, Oct., 82-83) Production of investment 


castings in vacuum furnaces as 


diseu 


carried out by 
Haynes Stellite Co. of Union Carbide ¢ orp. is 
lescribed 

Kinetics of ladie degassing in the vacuum 
treatment of molten steel (i. A. Sokolov and 
G. N. Oyks (/zveat. VUZ Chern. Met., 1959, 
1), 47-58; 41 B-4675; from US Techn. Traneal., 
1959, 2, Nov. 6, 670) A method of measuring 
rate of degassing is described and changes in 
H, and N, contents, total gas removed, effects 
of Fe-Si and other factors 
observations on three ranges of steels melted in 
13-t electric furnace heats 

Deoxidation of steel in ay casting ‘ 
Royer (Rev. Mét., 1960, §7, Jan., 62-66) The 
lack of agreement between theory and results 
obtained in practice for O, 
and it is shown, 
operations il se ale, 


are set out from 


removal is dis 
cussed, and verified on the 
that deoxidation is con- 

trolled by the partial pressure of O, 
An experiment on the effects ot gases on 
a melted cast iron M. Kikuchi 
1959, 31, Oct., 995-1002 
with different C 
and cast 


Imo we 
Cast iron and steel 
contents were vacuum melted 
after holding in O,, N,, or A at atmos. 
pressure for 20 min. O, reduces C, more rapidly 
at higher temp., Si scarcely changed 
iron, the graphite structure was unchanged but 
free cementite and ferrite appeared. In the 
hypereutectoid steel range, free cernentite 
1dded to the initial graphite 
ture. N, and A had no effect 

Vacuum degassing in ladie a new technique 
in steelmaking ©. W. Fink! (Met. Prog., 76, 
Sept., 111-114 

New vacuum degassing process A. Fink! & 


In cast 


was 


pearlite struc 
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Sons Co. (Prec. Met. Mold., 1959, 17, Nov., 68 
69) A treatment for die steels removing H, ina 
vacuum chamber at about 3000°F and scav- 
enging with He in 12 min. from starting the 
ejectors is outlined. The strengths and duc- 
tilities of the treated steels are shown. Steel 
vacuum degassed in the ladle (Wat. Design 
Eng., 1960, §1, Feb. 12) A brief description of 
the process and the properties of the treated 
metal 

Vacuum desulphurization of — iron alloys 
lr. P. Floridis (Trans. Met. Soc. AIME, 1959, 
215, Oct., 870) A note. It was shown that S can 
be removed from liquid iron alloys by vacuum 
treatment, and that — hurization is 
increase din the presence of Si, C, and Al. 

Dev t in iti operations ©. L. 
Corey { Al MME, Elec. Furn. Steel Conf. Proc., 
1958, 16, 116-1 19 Che author outlines recent 
21dvances in the technology of melting stain 
probable future 
developments. Particular attention is given to 
vacuum melting and to fundamental studies 
on melting problems.—-G. F. 

Vacuum stream degassing A. L. Lehman 

11MME, Elec. Furn. Steel Conf. Prov., 1958, 
16, 84-93) Two 250-t vacuum degassing units 
are in regular operation at Bethlehem Steel Co. 
The author describes the units and 
details of a typical cast.—«G.F. 

Effect of vacuum stream degassing on proper- 
ties of forging steels M. A. Orehoski and J. N. 
Hornak (AIMME, Elec. Furn. Steel Conf. 
Proc., 1958, 16, 68-84) At Duquesne Works of 
US Steel Corp., a practical method has been 
developed for vacuum casting commercial 
ingots of 7 to 220 t, at less than 1000 i" abso 
lute pressure. The equipment and operating 
procedure are described, and the properties of 
vacuum-cast forgings are discussed. H, content 
is generally reduced to | ppm, and the forg- 

‘flake’ formation and 
properties Ingot struc- 
ture and segregation characteristics are un- 
affected. The extent of 
studied.—-G.F. 

Degassing method is used for large or small 

heats (Stee/, 1960, 146, Jan. 11, 78-81) Two 
installations in USA the Dortmund 
Horder Huttenunion treatment for 
degassing steel are described. In this treatment 
a dip-pipe in the bottom of the vacuum vessel 
penetrates the molten metal in a ladle; by 
raising and lowering 
tion of the steel enters the degassing vessel and 
returns to the ladle and this ts continued until 
the required effect is obtained. One of the 
American installations is for deoxidizing large 
heats of special steel and the other to effect 
hydrogen removal to prevent flaking in forg 
ings. Treatment costs are estimated at $2.75 
to $5 per t D.L.C.P 

Decomposition of ‘nonmetallic inclusions in 
liquid) steels *. Vishkarev and V. V 
Kondakov (Proizv. Obra. 
38), 196-208; HB-4598; from US Techn. 
T'rans., 1959, 2, Sept. 18, 449) The extent and 
rate of decomposition of inclusions of MnQ; 
MnQ, FeO; Cr,O 3; Cr,05, FeO; and silicates 
and aluminates in liquid steel in a vacuum and 
them are 





} 


less steels, and discussed 


gives 


ings are less prone to 
have improved tensile 


deoxidation is also 


using 
vacuum 


one of the vessels a por 


Stali Splavov, 1958, 


mechanisms and factors affecting 
studied. 

The manufacture of rotor shaft forgings from 
vacuum-cast ingots 4. A. Markarvants, Yu. D. 
Smirnov, A. D. Men’shikov, and B. F. Emel’ 
vanov (Stal’, 1960, (2), 148-152) The vacuum 
casting equipment and process are described 
and the improved metal quality arising from 
degasification is noted. Ingot structures are 

examined and the simplification of 
produced is shown. More work is in 


earefully 
forging 
progress. 


REHEATING FURNACES AND 
SOAKING PITS 


improvement of soaking pit heaters by means 
of scale models 8. Chernokh, tepiski, and 
M. Michek (Stal’, 1960, (2), 178-181) 
models one-tenth full size water 
suspended mustard seeds were used to improve 
the design and the foreign 
designed pits is described. Four-burner designs 
were shown to be 25° more efficient. 

Closed circuit television in the Fairless works 
R. W. Sheftler (Iron Steel Eng., 1959, 36, Sept., 


Scale 


using with 


operation of 


167-171) The use of television screens in the 
plant at the slab reheating furnaces, bloom 
and billet mills open-hearth plant (for direct 
observation of bath and refractory conditions), 
and other applications are described. 
Application of the doughnut rotary furnace to 
production of seamiess steel tubing ©. 8. Cole 
man (Blast Furn. Steel Plant, 1960, 48, Feb., 
179-182) The design and operation of the 
rotary furnaces used for heating round billets 
prior to piercing at the Ohio Seamless Tube 
Division of Copperweld Steel Co. are described. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Common controlled furnace atmospheres 
(Canad. Metalw., 1960, 23, Jan., 29) A data 
sheet consisting of two tables: Gas composition 
and cost data, and recommended atmospheres 
for various heat-treating processes,—T.G. 

Flames and furnaces, Types for reheating, 
heat treatment and refractory firing M. W. 
Thring (Jron Steel, 1959, 32, July-Aug., 379 
384) This first extract from Professor Thring’s 
book “The Science of Flames and Furnaces’ 
describes with diagrams a soaking pit and some 
slab and billet reheating furnaces together 
with other types of reheating furnace. (1960, 
33, Jan., 11-15) Forms of radiation and experi 
mental work on luminous flame radiation are 
considered, with a table of emissivities and the 
appropriate formulae. (Feb., 53-56) The effect 
of a number of factors on soot formation and 
luminous and non-luminous 
turbulent jet diffusion 
quantitatively. 

Computer aids in design of gale velocity 
furnace Midland—Ross Corp. (Steel, 1960, 146, 
Feb. 1, 


convection-type 


emissivity in 
flames is examined 


furnaces are described. High 
velocity gas circulation requires complicated 
heat transfer and design calculations which 
have been conveniently done on a computer 
The resulting furnaces have very high convee 
tion rates excellent temp. uniformity. 

Electric industrial furnaces and atmosphere 
generators ©. Constant (Mech. Elect., 1960, 44, 
Jan., 24-26) A descriptive catalogue of a 
comprehensive assortment of electric furnaces 
made by Soc. MECI (some under Leeds and 
Northrup licence) covering forging, hardening, 
tempering, annealing, case hardening, brazing, 
etc., in a variety of types and sizes, together 
with a variety of endothermic and exothermic 
generators. 

Active and neutral protective gases for the 
heat treatment of metals P. Fischer (Wire 
World, 1959, 1, Oct., 61-68) A review of the 
usual protective gases and their uses in bright 
hardening, carburization, and carbonitriding, 
and the control and regulation of furnace 
atmospheres. 

1 « heat treatment keeps steel stainless 

W. Sherman (Metalw. Prodn., 1960, 104, 
Mare h 16, 470-474) A review ce lassifie d under 
martensitic types, austenitic types, pre cipita 
tion-hardening grades, fabricating with heat, 
equipment and preparation; with a 
glossary of terms. 

Development and process of manufacture of 
prestressing steel St 150 in East Germany G. 
von Struve (Neue Hiitte, 1960, 5, Feb., 78-89 
Investigation of the heat treatment and 
mechanical properties of wire made from St 150 
steel is described, with details of the results 
obtained from industrial-scale heat treatment 
and processing of 5mm wire 

Try compromies | heat treatments for dissimi- 
lar clad metals R. Bertossa and A. C, Fort 
lage (Iron Aae, ison, 184, Nov. 12, 162-164) 
Seune methods of heat treatment are described 
for clad metals to be used for fabricated struc- 
tures or given include 
ferritic, austenitic, low carbon, 
hardening stainless 
normal carbon steel backing 

Lowering costs in heat- vere; operations 
Inco-Mond ~ « 1959, (11), 4 The use of 
Cronite boxes for use in 
described. 

The heat oe of steel R. Schamschula 
maschinenw. Elekt., 1960, 15, March, 111-119 
In this part of his review the author deals with 


and 


S.H.-S 


short 


vessels. Examples 
martensitic, 

precipitation 
<i with a 


steels 


salt iy ete., is 
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84-85) Investigations into the design of 


furnaces or other 
ranges of temp., 
cooling 


heating for all 
equipment for quenching and 
temp. measurement and 
including tests for hardenability and surface 
cracks. —T.G, 

Nardening of steel rolls (Hngineer Foundry- 
man, 1959, 25, June, 39) News is given of the 
first + Ki roll hardening mac Sins to be 
nstalled in Africa. Plant includes induction 
heating equipment for softening and harden- 
ing the rolls, and a hot-air tempering furnace. 

The hardening and heat treatment of nodular 
cast iron W. Patterson and D. Ammann (Hart 
Techn. Mitt., 13, (1), 30-45) Chemical eompo- 
sition and constitution, physical properties, 
quench hardening and annealing, isothermal 
annealing, surface hardening, and the influence 
of alloying additions are discussed (38 refs). 

Nickel alloy steels: case hardening (Mond 
Nickel Co. Publication, 1959, pp.36) The pro- 
cesses are described with sketches of equip- 
ment. Heat treatment and effects of grain size, 
section size, temp. and time are given and 
properties and tests are tabulated. 

Automatic hardening and tempering of car- 
bine barrel forgings (Wild Barfield Heat-Treat 
J., 1960, 7, March, 8-10) A fully 
furnace installation is described. 
a pusher-type 
matic 


means otf 


testing, 


automatic 
It consists of 
hardening furnace with auto- 
quench and a pusher type-tempering 
furnace, also with quenching and degreasing 
plant. 

Choice of burner is the key to successful 
flame-hardening B. J. Ward jun. (Metalw 
Prodn., 1960, 104, Feb. 17, 289-292) Various 
types and designs of burners are considered, 
described, and illustrated and the method of 
moving the burner is indicated for a number of 
applications.—T.G, 

How and when to use induction heating 
(Steel, 1959, 145, Dec. 28. 82-86) An extensive 
review of equipment and its uses. 

The importance of purity and uniformity of 
steels for induction or flame hardening ©. 
Patterman (Usine Nouv., 1959, 16, Dec. 31, 
37-38) After referring to a study on the swb- 
ject | made in 1952 (Machine Outil Francaise, 
1952, 64, March) further advances made in the 
uses of steel for induction and flame ieee 
are described and tabulated.——-s.nH. 

High frequency induction heati gin h 
ical engineering M. Kozak (Cze: “Heav y Ind., 
1959, (11), 3-11) An hee d review ot 
equipment. 

Increasing fatigue strength by soft nitriding 
and Suifinuz treatment J. Miller (Maschinen 
welt Elek., 1959, 14, Aug., 367-371) The influ 
ence of bath conditions, time of nitriding and 
heat treatment in fatigue strength is discussed 
with reference to the literature and the 
author’s work, and in connection with struc- 
tural steels. 

Soft-nitrided gear wheels: Results of com- 
parative tests G. Niemann and H. Rettig 
(VDIZ 1960, 102, Feb. 21, 193-202) The 
euthene report on tests earried out on soft 
nitrided gear wheels made of various steels 
They found that load-carrying 
greatly increased as 
treated wheels, at the 
markedly reduced. Soft-nitriding has the great 
advantage that parts treated do not require 
any machining or grinding after soft-nitriding 

Atmosphere furnace automates stainless tube 
annealing Trent Tube Co. (Wis.) (Steel, 1960, 
146. Feb. 8, 82-83) An illustrated account 
with a general description. 

Survey of special furnaces for rocket. missile 
and aircraft components (Vet. Treating, 1959, 
10, Sept.—Oct., 4-7). 

Modern methods of annealing wire I’. Frod 
sham (Wire World, 1959, 1, Oct., 68-73: Wire 
Ind., 1959, 26, Nov., 1075-1082) An illustrated 
account of salt bath, muffle types, and electri- 
cally heated furnaces of various kinds. 

Are stress-relieved castings worth the extra 
cost? EK. W. P. Smith (Jron Age, 1959, 184, 
Dec. 3, 116-117) Verv sensitive strain gauges 
have been used to measure the residual 
stresses in a complex casting both as cast and 
after a stress-relieving heat treatment. A 90°, 
reduction in these stresses was observed.—a.G 

Bethlehem develops stress relief method 
Steel, 1959, 145, Nov. 2, 88) Bethlehem Steel 
Co. have adopted an induction heat treating 





capacity was 
with heat- 
time wear was 


compared 
same 





method tor preparing cable rein- 
forcement. Advantages are consistent results 
and clean wire surfaces.— D.L.C.P. 

Radiant heating: An answer to rising 
annealing costs K. J. Gianotti (Iron Age, 1959, 
184, Nov. 5, 100-101) A description of a seven- 
barrel-furnace line with special burners for 
stainless steel tubes. It uses natural gas in 
service or propane during idle times. 

Producing high mechanical properties in 
resistance alloy microwire (:. P. Gvozdyk (Stal’, 
1960, (2), 169-173) High-temp. continuous 
annealing would be necessary to produce the 
necessary ductility. Higher C content assists 
and a protective atmosphere less reactive than 
dissociated NH, is needed. 

New wire and steel a furnaces for 
Kayser Ellison (Wire IJnd., 9159, 26, April, 
358-380). 

Recently acquired knowledge on the pro- 
cesses taking place in the austenitization of 
steel A. Kose (Hart. Techn. Mitt., 1959, 13, (1), 
46-76) Austenite formation in structural 
steels, i.e. in the homogeneous single-phase 
region after equilibrium, is described and the 
kinetics of the process discussed, followed by a 
similar discussion of the austenitization of tool 
steels in the polyphase region, with special 
carbides. Carbide dissolution is discussed in 
relation to time and temperature. The results 
are applied to some examples. 

Dimensional changes occurring in whiteheart 
malleable iron castings during annealing ©. T. 
Moore (BCIRA J. Res. Div., 1959, 7, Dec., 
853-862 Factors influencing dimensional 
changes were investigated. It is shown that 
these changes are associated with the amount 
of decarburization occurring during the anneal, 
and that this can vary due to the variations in 
metal composition encountered in 
cupola practice.—D.L.c.P 

Wire coils get slow cooling in tunnel anneal- 
ing furnace Timken Roller Bearing Co. (Steel, 
1959, 145, Nov. 2, 82) A furnace for controlling 
of Ni-Mo Wire coils after rolling is described. 
The objects of the treatment are 
grain structure for cold heading, long 
improved quality D.L.C.P. 

The effect of an intermediate anneal in a 
hydrogen atmosphere on the specific losses of 
cold-rolled transformer steel A. Gi. Petrenko, 

A. Kurtova, G. F. Chub, M. M. Ioffe, B. N 
Popov, and R. L. Sterlin (Stal’. 1960, (1), 71 
73) Electric furnace transformer steel, uphill 
cast into 11-5-t ingots after vacuum treatment 
in the ladle | was rolled to 125-130 mn 
and then to 2-2 mm strip. This was annealed at 

850 without a protective atmos. and pickled 
and then reduced to 0-7 mm in two passes on a 
eold-rolling mill. Similar strip was annealed in 
H, continuously, and other reels in DX 
reduced to 0-5 mm in two passes. The 
gen treatment is recommended. 

Vertical cylindrical closed quench furnace 
Electric Resistance Furnace Co. Ltd (Metal 
lurgia, 1959, 60, Nov., 192) A description of a 
new furnace for gas Prot ate Bosc and carbo 
nitriding. It is particularly suitable for dense 
loads of parts with internal bores, and for long 
components 

Oil quenched iron/carbon alloys differ 1). J 
Fraser (Canad. Metalw., 1959, 22, May, 30-33 
The author explains why modern heat treat 
ment and 


tor concrete 


normal 


improved 
er die life, 


slabs 


gasand 
hvdro- 


quenching oils allow improved 
parts. The theory of 
is explained, and factors of practical 
importance are stressed. 


designs for component 
quenching 
Oils can be ‘designed’ 
to give the required effects.—p.1L.c.P. 

On the quality and heat-treatment of 
spheroidal graphite cast iron with added 
magnesium H. Hotta and T. Saruwatari 
Imono, 1959, 31, Sept., 788-793) Hardness, 
impact, and tensile made at room 
temp. and hardness and wear tests at temp. up 
to 800°C. Tron from the high frequency electric 
was hardest with oil quenching and 
Wear 
600°C and was 
il-fired 


tests were 


furnace 
this was reduced with tempering temp 
resistance was good up to 
decreased by tempering. Iron from an ¢ 
furnace was inferior and ordinary cast iro: 
poorer still. 

Heat treatment of carbine barrels (4uto 
Prog., 1960, 5. March, 86-87) The tempering 
process as carried out at a Royal Ordnance 
factory is outlined 

Microstructural 


changes upon tempering 


nickel por white iron at 400 F 
Mihalisin an . a hel Wor 
1960, 31, P entg , 32-35) It 
this white tron was te! 
appearance of the 
polarized light is alter 
show that the ten 
lamellar structure, 
results show very vd ¢ 
lished results tor e€-carbice 

The effect of prestrain and retempering on 
ultra-high strength steel Io. 1. Stephensor 
M. Cohen, and B. L. Averbach (WA L¢ TR- 
57-720 Part 1, A D-206076, 1958, Jan. 31, 
pp.41; from Nucl. Sci. Abs., 1959, 13, May 31, 
1213). 

Effect of ultrasonic vibrations on the precipi- 
tation hardening and tempering of some alloys 
K. M. Posodina-Alekseeva and G. I. Eskin 
(Metallov. Obra. Met., 1956, Jan., (1), 42-45) In 
the ferrous example described, it is shown that 
ultrasonic vibrations during the tempering of 
que nehed 0-76°,C increases hardness, 
apparently by ageing; the observed ageing 
acceleration is due mainly to the vibrations, 
and not to increase in temp. from absorption of 
ultrasonic energy. 


steel 


FORGING, STAMPING, DRAWING, 
AND PRESSING 


Some recent Ley py in 7 working 
techniques B. Das (NML Tech. J., 1959, 1, 
Nov., 34-40) The author reports ts impres 
sions in this field obtained during a tour in the 
United Kingdom.—t.«G 

New steel plant goes modern (/ron Aye, 195%, 

» Nov. 26, 104-106) A description is given 
of the new Canadian Steel Wheel Ltd plant for 
the production of railway wheels. Automation 
plays a large part in the forging, rolling, heat 
treatment, and finishing processes to give a pro 
duction rate of 60 wheels an hour A.G 

A new mechanical strain gauge for measur- 
ing forces in . forming of metals I. Faul 
haber (V DIZ, 1960, 102, March, 262-264) A 
new method is suggested for measuring the 
forces in forging or cold extrusion of metals 
based on the lateral] strain shown by a steel cyl- 
nder when it is subjected to 
forces. This method of measuring the 
strain has two advantages the yauge can be 
kept very small in height and the strain itself 


may be measured by any conventional 


compressive 
lateral 


means 
! 


mechanical, optical, pne 
electric r.¢ 

Progressive ‘cold forming, Swiss machines for 
bolt-heading and nut-forming (Swiss Vechn 
1959, 2, 60-61) A universal type machine by 
F. B. Hatebur of Basle, specially designed to 
meet the lower scale of European production, 
as well as two machines for the mass produc 
tion of nuts from hexagon bar are described. 

a of Doxtord crankshafts R. 
Atki m (Trans. NE Coast Inst. Eng. Shipb 
I 160, Mare h 25, preprint 305-338 brief 
historical introduction and an account of 
materials, heat-treatment, shrinkir h 
ing, and assembly 

Austenitic ‘cold working’ 
Strength D. J. Schmatz, J. ¢ 
Zackay (Met. Progr., 1959 
description is given of 


such as umatic, or 


ig, mac 


for ultra ~ I 


Shyne, and V 


76, Sept., 66-69 “A 
‘ausforming’ by which 
steel with high hardenability is deformed in 
the temp. range corresponding to the 
itic ‘bav’ of the TTT diagram fron 
steel is quenched to martensite. The 


austen 
which the 
resulting 
structure is discussed 

The development and present position of the 
manufacture of components by cold forging 
H. D. Feldmann (Wire, 1959, (43), Oct., 140 
142) A general outline is given of the develop 
ment and present position of cold-forming 
tec hnique 8, particularly the pre if steel 
parts by cold extrusion. 

Influence of various trace elements on the 
a of steel ©. Rossard and P. Blain 

Wét., 1959, 56, Aug.—Sept., 175-180 

Soe ability was assessed by torsion tests at 
900-1 200°C in argon. The influence of As, Sb 
and Cu was examined. All hay 
able effect, particularly Sb, and Cu at high 
temp. The effect of As is slight 

Simplified design of anti-vibration founda- 
tions for drop hammers WV. Past wood (Engin 
eer, 1960, 209, Feb. 26, 346-349) Calculations 


rnduction ¢« 


’ 


an unfavour- 
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hammer are 
round reson 
tf the system and 
i! are also con 
"Recent progress in the Gets of large forgings 
Bastier Ing. Cwils France, 
March, } j lification of largs 
ffects of gases, the 
re nd heat treatment, 
asting, and non-destruc 
I ad 
New system ‘ot precision forging (7'echn 
Indust., 1959, 37, Nov., 1653-1655) Automatic 
machines for forging to precise limits are 
described; these operate on the radial forging 
pri sip ye and a vertical type for producing 
forgings of up to 300 mm dia. and 2000 mm in 
length is described in detail P.S8 
Bigger. better and sounder forgings —-part Ii 
E. E. Thum (Met. Prog., 1959, 76, Sept., 121 
126) Investigations are described into a tech 
nique simulating the conditions of operation of 
large rotors. It was shown, by bursting tests on 
variously notched brittle and ductile dises, that 
the caus« 
bination of some type of sharp stré 


of rotor failure in service was a com 
48 concen 
tration and a steel with a low 
plastic flow under conditions 
Quantitative 
ably 


capacity for 
ot high restraint 
results obtained agreed reason 
well with results of the 
rotors fractured in service 


examination of 
rhe composition of 
the ‘standard’ composition of conventional 
Ni—Mo-—V rotor steels has been modified with 
satisfactory results 

New techniques broaden forging picture 11 

H. Jackson and H. B. Goodwin (Met. Prog 
76, Sept., 89-94) The devel 
reviewed are —cored forging, 
example explosive forming 
developments, automatic dir manufacture and 
new control methods 

Heated dies produce better forgings I’. kt 
Vetalw. Prod., 1960, 104, March 16, 
167-469) Dies cast from Inconel, 
1600 F and = resistance-heated, 
leveloped for forging ferrous metals 

Application of press forged ne P 
Gouwens, Watmough, and. serr\ “dl 
Castings, 36, (Oct., 47-54) Siceihouns 
improy obtained in the mechan 
ical properties of 18/8 and precipitation 
hardened stainless steels by forging ca 
at cold-working temp. The process is 
for simple shape A.D.H 

Quality control of drop forgings J. |). Bunton 
Inst. Prodn. Eng. .J., 1959, 38, Nov., 645-655 
Procedures are summarized and then discussed 
individually, Customer relatio 
Inclusion chart methods ar« 

Making the FN rifle at R.S.A.F. Enfield 1. 
Hundred operations saved by breaching |’ 
Pripype Vetalw. Prodn., 1959, 103, Dec. 30, 
Fully illustrated 

Forging reactor parts Hiethichermn Steel Co 
Vet. Treatment, 1959, 26, Nov., 423-424) The 
special problems associated with the produc- 
tion of fo pressure 


1959, »pments 
high-energy (for 


and other forging 


C,ouwen 
operating at 


have been 


1959, 


ements were 


st blanks 


economic 


ns are included 
one top 


ZOB8S 2OU0 


els in atom 
ymsidered. In USA for this 

w steel has been developed 
composition: ¢ 0-20, Mn 

, Cr 0-35, and Mo 0-60%, Th teel 


0-65, 


‘ 0d weldability r.G 

‘Roll, forging set- te doubles production of 
small parts H. Chase (Jron Age, 1959, 184, 
No 26, 98 100 . erties shop of the 
Division of General Motors has changed over 
from hammer to r« orging. The differene 
the proces 
ot the new system are gi A. 

The development of a practical forgeability 
test; effect of friction in forging and the deter- 
mination of forgeability by 1 q eee a 
K. N. Tong, B. B. Muvdi, and G. Sach 
369 56472 PB 140334, 1956, April, pp ‘“: 
from US Res. Rep., 1959, 32, Aug. 14, 238) 
Work on Pb is described 

Machine shapes giant missile cases Pratt 
W hitne, Aircraft Th Steel l 
Dec. 21, 92) A 
teel rings into hig 
up to 
trated D.1 

How to rate your press shop | ( 

Iron Age, 1959, 184, Oct. 15, 112 


affecting the efficiency of an internal pre 


grick 


038 in 


368 are « nd the advantages 


20) ft __ 
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are discussed with suggestions for 
costs A.G 

Let batch size determine press tool quality 
Smith-Corona Marchant Inc. (Metalw. Prod., 
1960, 104. March 9, 423-425) Three classes of 
blanking are made to cover the from 
15000 to several million These are 
described. 

Design of eccentric presses A. P. J 
(Sheet Met. Ind., 1959, 36, Oct., 647 
In this article the writer gives information on 
the design of the ram guides, clearances, and 
forces acting on the press during working 
strokes, comparisons between presses of differ 
ent construction, method of fitting the tool, 
prevention of overloading, spring cushioned 
connecting rods, and friction clutches. 

Production of pressed steel bath tubs (Sheet 
Met. Ind., 1959, 36, Oct., 631-636, 655) A des 
cription of works practice at Briggs Manufac 
turing Co. USA producing 100 units per h. Full 
details are given of press-working operations 
and of the finishing processes which included 
pickling and vitreous enamelling 

On the studies of classification of press form- 
ing and formability test for sheet metal K. 
Yoshida (Rep. Inst. Phys. Chem. Res., 1959, 
35, May, 199% 213) (In Japanese]. 

A survey of chipless forming W. Biederstedt 
and H. Meyer (Met. Treatment, 1959, 26, Oct., 
347-360) The processes of drop-forging, hot 
and cold extrusion, thread rolling, roll forging 
and their applications are described with refer 
ence to equipment shown at the 
T echnica i¢ olle pre 

precision bending with dies f°. Strasser (ron 
Steel, 1960, 33, Feb., 65-68) Factors influence 
ing accuracy are discussed with examples 

Mechanics of the sheet-bending aaa 
D. W. Shaffer and E. E. Ungar (7'rans. ASME 
J. Appl. Mech., 27E, March, 34-40 
Expressions for residual stresses and deforma 
tions resulting from the of flat sheets 
are obtained. 

Double-acting press feeder A. ©. Gustafson 
(Metalu Prodn., 1960, 104, March 23, 518 
519) An electro pneumatic press feeder inter 
locked to the motions of the press 1s described 

New line tackles variety in sheet-metal pro- 
cessing R. H. Eshelman (Iron Age, 1959, 184, 
Oct. 29, 124-126) An account is given of the 
application of automatic handling in a stamp 
ing, forming, 


reducing 


range 
parts 


Soepnel 
652, 656 


Hanover 


1960, 


bending 


assembly, and welding sequence 
Low-cost maintenance is claimed through the 
use of Cypak static controls in place of con 
ventional relays A.G 

Hot sizing helps ~— meet eee tolerances 

J. Peterson (Steel, 1960, 146, Jan. 25, 70 7 
Advice on hot sizing PH 15-7 Mo and 17-7 P H 
and Rene 41 alloys is given. ‘Hot sizing effects 
the removal of wrinkles and correction of eur 
vature, flatness, and flange-angle of 
parts, by applying pressure 
and fixtures D.L.« 

Sounder designs. tougher Steels gage uni- 
versal-die output (/ron Age, 1959, 184, Oct. 29, 
130-131 Hictuch the custisetion ef eesodidies 
design system the blanking, notching, and 
piercing of eight totally different parts 18 
possible with only ten different die blocks. The 
recommenced stecl for the blocks and punches 
is SAE-AISL O1 A 

Quick chill aids hot oe Ryan Aero 
nautical Co Tror igqe, 1959, 184, Nov. 12, 
160-161) A special A steel requires 
rapid cooling in a finishing die 7OO'F to 
80°F. The loped for this purpose ha 
holes drill in the face and throug on 
at 60 psi. Wi 
lead punch can be 


pre-formed 
and heat in tools 


from 


sides 
which refrigerated air is 
the lower die temp. a 
used a. ¢ 

Shock wave from eparne shapes sheet metal 
R. Le Grand (Metalw. Prodn., 1960, —— 
17, 299-300) High- nae dl trical discl y 
from |} oltage apacitors cr 
waves 1 tn ne ai inarge 


blown 
simple 


nt force to for 
part Phe y 
produced by 1 

From blank te cone in ps easy step &. ? 
Tardif (Steel, 1959, 145 


ex plosion-fo 


are apg i parts 


» Dec. 7, 152) Exper 


ment in rming 
spheres are described. Explo 
a die results 
drawing ef fects whi 


a flat bank on i 
haped piece 
greater thar 


higiveas 


1 
some of its wall thickness 
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‘tures A. Mackert (Stahl Hisen, 


the blank. Work has been done on some stain- 
less steels; the method may be practical for 
small production quantities.—D.L.c.P. 

Cryogenic sizing ae accuracy into 
hardenable stainless steel — Jung (Product 
Eng., 1960, 31, Feb. 15, = 63) A cooling 
process that can be applied to some kinds of 
steel which removes strain by shaping at trans- 
formation temp. is described 

Explosive forming pe commercial Kyan 
Aeronautical Co. (Steel, 1959, 145, Dec. 14, 98 
100) An explosive forming technique is des- 
cribed and applications are illustrated. Parts 
can be formed that would be very difticult to 
make by conventional methods, and close 
tolerances are possible, so that the process can 
show c a economy in suitable applica 
tions D.L.C.P. 

The drawing of bar steel at elevated tempera- 
1960, 80, March 
17, 374-376) A review of saan practice in 
the production of bar steel; by varying the 
working temp. the bar is obtained in a temper 
that does not require a heat-treatment. The 
economic advantages arising from this type of 
working are discussed with special reference to 
German practice and economic conditions. 

Bar and tube drawing W. Péttner and K.-H. 
Richter (Demag News, 1959, (156), 31-38) An 
illustrated account of the processes and equip 
ment. 

The use of automatic recorders in drawing 
and peeling of steel rods F. Kottmeier (Stahl 
Eisen, 1960, 80, March 17, 337-342) The 
‘Centralograph’ is described and the economic 
advantages obtained from its use reported and 
discussed.—T.G. 

Bright drawing of steel profiles H. Proussler 
(Wire, 1959, (43), Oct., 129-134) Techniques 
of design and production are reviewed and 
illustrated by examples. 

Metallurgical conditions for the production of 
non-ageing cold-rolled sheets for deep drawing 
G. Odone and V. Berruti (Met. Ital., 1960, 52, 
Jan. 8-14) After discussing the theory of the 
solubility of AIN in Al-killed mild steel the 
authors describe the results of experiments 
undertaken to establish the metallurgical 
structure corresponding to the most desirable 
non-ageing properties of cold-rolled deep- 
drawing sheets. 

Automatic processing line draws, straightens 
cuts and polishes bars at high speed a. I. 
Nussbaum (Wire Wire Prod., 1959, 34, June, 
706-707, 768) The new ‘Lomatic’ machine is 
described; this produces bars of *& in. to } in. 
from coiled rod at 200 ft/min., and only re- 
quires one operator. The principal piece of 
equipment is the high-speed heavy-duty draw- 
bench.-—D.L.c.1 

Chipless forming of rods and tubes W. 
Péttner and K.-H. Richter (Demag Nachr., 
1959, (156), 31-38) In spite of the title, the 
article refers almost entirely to the drawing of 
tubes. General principles are outlined, and a 
description is given of the process and of the 
drawbenches and ancillary equipment used. 

A graphical method for determining the 
drafting of dies for wire drawing machines I. 
Griiner (Wire World, 1690, 2, Feb., 11-18). 

High speed drawing of carbon steel wire W. 

followay jun. (Wire Jnd., 1959, 26, April, 353 
357) The development and use of high-speed 
wire drawing machines for high carbon steel 
wire by the Speedwell Wire Co. Ltd is des- 
cribed. Provision was made 
in the range 
to 3500 ft/min. The 
so that 

! 


for producing wire 
0-010 to 0-054 in. dia. at speeds up 
machines were eq upped 
continuous operation was possible; 
careful preparation of the stock 
lubri vas by Wyrax soap comy 
Quality does not suffer from the high drawing 
speeds. Capital costs, floor ce, and ope 


was provided, 
ation vound, 
rator 
time are 1 d with hig { working. 

Blending “traditional skills with modern 
scientific methods, A review of the Darlington 
Wire Mills Ltd (Wire Jnd., 1960, 27, Jan., 61 
64) The plant and various processes are briefly 
leseribed 

ABC of better lubrication and cooling in steel 
wive drawing J G. Wistreich (Wire Wire Prod., 
1959, 34, No 1486-1489, 1551) An 
nvestigation BISRA is reported into the 
aspects of steel wire 


lubrication ¢ 
drawing »f these processes 


1550 


ntals 
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were investigated, and new equipment was 
developed. The BISRA ‘3-in-1’ unit employs 
hydrodynamic lubrication which considerably 
lengthens the life of the die. A new block 
design and internal water cooling system allow 
considerably increased drawing speeds to be 
used. D.L.C.P. 

improving the manufacturing process in the 
production of needle wire V. A. Giolomazovy and 
L. A. Krasinikov (Stal’, 1960, (2), 173-177) In 
preparing wire for needles from U7A, U8A, 
and U10A steels an evenly distributed, fine 
grain pearlite structure is required. A patenting 
process with benzene introduced into the pro- 
tective atmosphere is described. 

Measurements of temperature in wire draw- 
ing with a wire drawing die thermocouple using 
a hard metal ball core Kk. Briihl (Wire Wire 
Prod., 1959, 34, May, 573-575, 634-636) A 
method of recording the temp. of a wire-draw- 
ing die during operation is described and some 
results are given. A hard metal ball type core 
was used to act as a thermocouple with the 
wire. The extension bar on the 
sliding contact on the wire formed the cold 
junction. Results are given for several cases 

Capacity measurement —a method for wire 
mills C. Burns (Wire Wire Prod., 1959, 34, 
May, 582-589, 633) A method for measuring 
the productive capacity of a wire mill shop is 
described. This is to give reliable information 
on the output of a group of machines produc- 
ing products with a variety of wire sizes and 
insulations. An operational survey is treated 
statistically.—p.L.c.P. 

Applications of photoelastic coatings to 
measurements in wire manufacture I’. Zand- 
— and F. G. Tatnall (Wire Wire Prod., 1959, 
34, Nov., 1490-1491, 1552) Uses of the ‘Photo 
stress’ technique, in which strains in wire are 
examined by observing the behaviour of 
plastic coating under polarized light are 
explained. These include —mechanism of fail- 
ure of wires under tension, determining the 
optimum shape of wire for springs, measuring 
the load on the grip head in wire drawing, use 
as a cable extensometer and as general strain 

gauges.—D.L.c.P. 

Forming F. Hrazdil (Czech Heavy Ind., 1959, 
(11), 35-47) A review of cold extrusion, thread 
rolling, thin-walled tube bending, radial 
pressing, drawing, hot forming of drills, pre- 
cision forming and cross rolling, mainly non- 
ferrous. 

Extrusion presses K. Laue (Z. Metallk., 
1959, 50, Sept., 495-502) Some designs of 
vertical and horizontal extrusion presses are 
described, and extrusion techniques are re- 
viewed, with particular reference to the pro- 
duction of tubes and other hollow sections. 

Hydraulic vertical extrusion and tube 
presses \\ Dohrn and FE Demming (Z. 
Vetallk., 1960, §1, March, 135-142) Hydraulic 
presses ranging from 500 to 200-t total pressure 
and working at hydraulic pressures from 200 to 
315 atm. as manufactured by Schloemann AG, 
Diisseldorf are deseribed, and their special 
fields of application outlined. Design and con- 
struction of the tool design, and the 
hydraulic drives are included in the descrip- 
tion. r.G, 

Cold extrusion of steel P. G. Witteman 
(Prec. Met. Mold., 1959, 17, Nov., 43) Suitable 
steels and the mechanical properties of rounds 
of three AISI grades (C1010, C1040, and 5120, 
all fine-grain) are given. 

Extrusion press makes tube bigger, more con- 
centric Scovill Mfg. Co. (Steel, 1960, 146, 
Feb. &, 93) A brief account of a 2500-t vertical 

ress giving shells for cold-drawing 

Greater industrial use of extrusions (Pre: 
Vet. Mold., 1959, 17, Nov., 42) This is inferred 
from the increasing sales of hot-work die steels 
for which fig ft. 

Tool steels and heat- ‘treatments - ae 
extrusions Crucible Steel Co. of Americ: 

Met. Mold., 1959, 17. Nov., 64) A wae for 
dies, backer blocks, liners and rams, dummy 
blocks, and mandrels. 

Metallurgical research on cold extrusion 
Heintz Mfg. Co PB 135708, 1948, Sept., 
pp.114; from US Res. Rep., 1959, 31, March 13, 
163) Norm quenching, and annealing 
gave lower hardness and more uniform grain 
structure for cold extrusion. The best materials 
tested were A 5120, C 1010 Al-killed ingot iron 


core, and a 


presses, 


ures are give 


alizing 





and C 1010 rimmed steel which showed the 
largest increases in UTS on extrusion. C, Mn, 
Si, or Mo all increase the force required for 
extrusion, 

Metal extrusion, Theory and basic principles 
of calculation 8. De Filippi (/ng. Mec., 1960, 
9, Jan., 7-13) The technological importance of 
the extrusion process is discussed. A descrip 
tion is given of past experiments to determine 
the fundamental quantities. The 
out the calculations needed to 
formula whict 
examples 


author sets 
obtain the Sachs 
is applied in two numerical 


ROLLING MILL PRACTICE 


Study of modern rolling | 
(Eng. Min. e Met., 1959, 30, Oct., 197-200) [In 
Portuguese} A brief account of modern rolling 
theory is given. Roll camber, hot and cold 
rolling and the reasons for ingot and plate 
dressing are discussed.— P.s 

Determination of the resistance to deforma- 
tion and of the power and work requirements in 
the rolling of heavy plate from plain steels 
between 800 and 1200C K. Eb. Cetto and 
B. Mahner (Stahl Eisen, 1960, 80, March 31, 
446-448) Mathematical, the results of the 
calculations are presented in graphs. — 1.6 

Power requirements and pass sequence for 
continuous rolling mills for rolling plain steels 
at 900-1200°C F. Claussen (Stahl Eisen, 1960, 
80, March 31, 448-450) Using the results of 
Cetto and Mahner (see preceding abstract) the 
author derives the and reduc- 
tion in area and the required. The 
results are presented in graphs and a sample of 
the calculation is included T.0 

Torque and power requirement in rolling 
P. Funke jun. (Stahl Eisen, 1960, 80, April 14, 
536-537) A resume of the recent work of 
Geleji who derived a new relation for the 
torque and rolling force. This relation is based 
on entirely new concepts of the rolling mechan- 
ism. The reviewer, however, disputes whether 
the new relation will find general application as 
the relation contains several uncertainties. 

The effects of friction in the rolling of metals 
M. D. Stone (Trans. AS Engq., 
1959, 81, Dec., 681-686) The following factors 
are re angle friction; rolling fric 
tion--forward slip; the effect of friction on 
rolling pressure and on minimum gauge, and 
the effect of rolling speed on friction 

Forces on the rolls of four-high driven 
back-up mill ©. Starling (Sheet Met. Ind., 
1959, 36, Oct., 667-674) In discussing the 
forces on the rolls there are four possible rela 
tionships between the work and backing rolls 
In general the work rolls are offset to the 
backing rolls and tension is applied to the 
strip. Equations for the calculation of roll 
loads are given for all four cases and the author 
states that his analysis is sufliciently accurate 
for design purposes. 

The distribution of contact pressures in the 
rolling of metals C. W. MacGregor and R. B. 
Palme (Trans. ASME, J. Basic Eng., 1959, 81, 
Dec., 669-680) Experimental determination of 
contact pressure distribution in the rolling of 
square bars and flat strip showed the existence 
of a double peak in the bars, near 
entry and near the roll centre line respectively, 
while only the centre line peak 
the case of the strip. 

Pressure and torque mraneuring instruments 
for rolling mills T. Dietrich (Stahl Eisen, 1960, 
80, March 17, 372-374 devices for 
measuring pressure or force and rque have 
veloped in Sweden. They are called the 
Pressductor’ and the “Torductor’ 
names indicate, 
ciple. The 


atus are 


joer and L. Gatti 


pass sequence 


power 


J. Basic 


viewed; bite 


pressure 


was present in 


r wo new 


been de 
and, as tne 
induction prin 
and their recording 
described and some applications to the 
rolls and stands in velling ruills are indicated 
A comparison of rolling force and torque in 
cold rolling by modern theories |’. Funke jun. 
Stahl Eisen, 1960, 80. March 17, 376-377) The 
author reviews modern concepts in the theory 
of rolling-force and ulation and 
concludes that, although great progress has 
been made in the last few years in this field, 
the computation of these forces 
much more complicated that it 
to apply it (17 refs f 
Calculation of roll force in the cold rolling of 


work on the 


dev ice appar 


torque ‘ale 


1as become so 


is now difticult 


strip P. O. Strandell (Jernkont. Ann., 1959, 
143, (12), 810-892) Factors influencing roll 
force are examined in detail, namely rolling 
speed, roll diameter, camber and length of roll 
face, strip thickness, width and yield point, 
friction strip-roll, roll mate rial, pass reduction, 
applied forward and backward tension, rolling 
temperature, and rolling mill elasticity. Some 
empirical methods for roll force calculation are 
described, and results of several methods of 
calculation are compared with experimental 
data; the alue of various 
assessed (98 refs 

Surfacing of the passes in section-mill work 
rolis using a milling template V. K. Kobyzey 
(Stal’, 1960, (1), 68-70) Control of hard 
surfacing 


procedures 1s 


deseribed Ihe 
surtace free from de 


welding is 
gives a satisfactory 
and not requiring 
simple to construct, 
will serve for any 
complex their profiles 

Rolls for rolling mills R. A. Villanueva (Met 
dlect., 1958, 22, March, 78-80 April, 80-81, 
83-85, 87, 89; Mav, 87-97; July, 110-112; 
Aug., 73-76; Oct., 88-94; Nov 78-81; Dec., 
88-98; 1959, 23, Jan., 162-166; Feb., 92-95; 
March, +e 107; April, 95-99; May, 84-88) [In 
Spanish} A comprehensive surve 
facture, properties, and uses « 
Details of each aspect « 
93 refs I 

Remedy roll grinding woes lH Balsiger 
- m Age, 1959, 184, Oct. 29, 132-134) The 
asic princip le s involved in orinding mill rolls 
are given te ther with the procedures to be 

lowed omepaeris semi-finish, and 
oe finish surfaces ; 

Fluid film bearings for vertical rolling mill 
rolls .. 1. Malyvkh and A. A. Ryazanov (Stal 
1959, (10), 926-929) Tests on these 
whose construction is described and to which 
thermust: 


process 
feets 
machining, and the device is 
reliable 
rotating 


and 
however 


in operati rm, 
parts 


v of the manu 
provided 
if the subject are given 


»f rolls is 


bearings, 


rr circuits for warning of ov 
are attached, are repe 


erheating 
ted. Considerable advan 
tages are claimed. Modes of wear and other 
fin lings are covered in detail 

"The proper dimensioning of ball and roller 
bearings for stands in continuous section, wire 
and strip mills H. Pauels and H. H. Rohde 
Stahl Eisen, 1960, 80, March 31, 417-428) The 
causes of failure of bearings for stands in con 
tinuous strip mills 
of failed bear 
actual working. It 
main causes for 
rloading, 


and 
number 


section, wire were 
investigated on a larg 
ings and on stands during 
was found that th 
failure are ove 


bearing 
twisting during 
ing and in assembling the rolls, 
and lack of lubrication 
practical and theoret 


work 
and corrosion 
Advice 1s given on a 
cal basis for the 
ad ensioning of bearing 


proper 
rs = for their correct 
nounting da servicing 

Pipe mill bearings lubricated by grease pres- 
sure system Jones & Lous hlin Steel Corp. 
Blast furn. Steel Plant, 1959, 47, Oct., 1079 
1080) The use of multi-purpose extreme pres 
sure grease in the line pipe millat the Aliquippa 
Works and its method of application are 
deseribed. 

Wire rod production at new Swedish hot 
rolling mill (Wire Ind., 1960, 27, Jan., 55, 64) 
\ brief description is given of an automated 
hot rolling mill recently put into operation by 
Hafors Jarnwerk, Sweden. Products 
from 5 in. bars to ,. in. dia. rod. From the 
rod line, a sample is cut guided auto 
matically into the inspection bay D.L.C.P. 

Rod mill has speeds up to _—_ feet per 
minute (Blast Furn. Steel Plant, 1959, 75, Aug 
846-847) The 23-stand, mill which 
ine 1959 at the Kansas 
1 Air lg l 


range 
wire 
and 


3 ened 


City plant of Sheffic 


on 18 described. 
New rod mill starts operation at Kansas City 


began operating in Ji 
! 
it 


Armco Steel 
Corporat 


Tron Steel Eng., 
plant de 
mill, belie 


1959, 36, Sept., 198, 200) The 
cribed is the new 23-stand, 3-strand 
ved to be the fastest rod mill in the 
vorld, installed at the Kansas City plar t of 
Sheffield Division of Armco Steel ¢ 

Recent development of the rolling mill 
industry (Japan's Iron & Steel Industry, 1959, 
Part I, 115-122) An illustrated review of 
recent installations Sizes of ordinary rolled 
steels (Part V, 225-258 

High speed “rod — No.1 
Cuyahoga Works FF. L. ‘ 
Wire Prod., 1959, 34, Nov 


orporation 


rod mill, 
amberlain (Wire 
1493-1499) The 


Journal of The Iron and Steel Institute 
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operation, equipment, material flow, and 
problems of this rod mill are described, 

Calculation of metal saving by the introduc- 
tion of new standards for rolled sections (3. G 
Bondar’ and IL. V. Zdornoy (Stal’, 1960, (1 
82-84) Calculations for lightened sections and 
the savings produced are presented 

Thread rolling of wood screws—tll Bb 
Kunda (Wire Ind., 1959, 26, Nov., 1095-1098) 
rhe subject of groove pitch and layout is con 
cluded and typical output figures are given 

Production of flat rolled products in the 
U.S.A. \ M. Piskarev Stal’, 1960, (2), 140 
143) 
Sheet metal grader Broun Manf. Co 
Eng., 1960, 33, April, 229 An 


grader based on ment of 


Overseas 
automatic 
measure 
, perforations, 
is described. 

Spot sheet flaws in fast runs Chrysler Corp 
Iron Age, 1959, 184, Nov. 5, 97) In the method 
described, flaws in sheet are detected by an 
ultrasonic device which ther faulty 
with a dye. The system can operate at 
coil speeds up to 400 ft/min A.G 

Combined wire, sheet, strip and tube mill 

Wegmann and ©. Mever (Demag Nachr., 
1959, (157), 7-19) A description of the Milan 
installation of BREDA Siderurgica Sp.A 

Hot planetary mill K. McQ. Potter (/ng. e 
Indust., 1959, 26, Sept., 109-117) [In Spanish] 
Details of the mill installed at Habershon and 
Sons Ltd, are given P.s 

B.1.8.R.A. research progress (Jron Steel, 
1960, 33, Feb., 63-64) The Translator screw 
down control, the BISRA gaugemaster strip 
thickness control system, research on 
bined creep and fatigue, and the development 
of a co-ordinated forging press and manipu 
lator, are described 

Modern electric systems in the steel industry — 
new concepts in design and maintenance . H 
Browning (Blast Furn. Steel Plant, 9159, 47, 
Dec., 1271-1282) Examples are discussed of 
recent advance 
of ele 


sessing lines 


thickness 


tolerance and surface condition 


i sprays the 


section 


com- 


8 in the control and automation 
etrical systems of rolling mills and pro 
Examples include control 
and the use of computer controls in association 
with basi 


gauge 


data accumulation systems 

Organizing a steel plant preventative main- 
tenance programme i rmitage (Iron 
Steel Eng., 1959, 36, Sept., 100-106) It is 
shown how down time due to mechanical 
failures on a hot strip mill was reduced by 76% 
by a preventive maintenance programme, the 
deve lopment and working of which is deseribed 
in detail. 

improvement of the operation of the reeling 
mills of a 400 mm tube rolling plant V. Ya. 
Osadchii, R. M. Golubchik, 8. 1. Vasilenko, 
I. I. Zuev, A 4. Shvedchenko, and N. 8. 
Krivalidze (Stal’, 1960, (2), 136-139) A 
cussion of the working of the 
the conclusions that improved pass design of 
the plug and work rolls, optimum setting and 
a satisfactory lubricant are 
improve the operation of the mill 

An investigation of a 1200 mm strip mill with 
reels in furnaces V. 1. Bairakov and V. P. Fedin 
(Stal’, 1960, (2), 130-133) It is shown that 
carbon steer l can be rolled with some degree of 


dis- 
plant leading to 


necessary to 


overheating of the drive when the 
thinnest and widest strips are produced 
Position control in rolling mills (Autom. 
Prog., 1959, 4, Dee., 404-405 Pechniques 
available in Great Britain are outlined briefly. 
Planetary hot strip mills set pace in produc- 
tivity (Steel, 1959, 145, Nov. 30, 104-110) The 
Sendzimir planetary hot strip mill is described 
and illustrated and its adv 
Slabs are reduced to strip 
can handle a 
modest requirements, 80 
that it is capacity or small 
orders are encountered. There are four full size 
mills in find 
sontinuous 


motors 


antages explained. 
in one The mill 
and has 


pass 
variety of materials 
capital and space 
1] 


useful where small 


operation The technique may 
— ilar use in conjunction with 


vasting } 


Fully automatic cold rolling Sheet Met. Ind., 

1959, 36, Oct., 657-659, 662) A description of 
= aieat system installed on a 4-high 
reversing mill at J. J. Habershon and Sons Ltd. 
This results in higt producti and efficiency 
maintaining gauge ithin much 
closer limits nfluence on 


tolerance 


and reducing tne 
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gauge and periods of acceleration and decelera- 
tion of the mill. 

New cold reduction mill, £150,000 pliant 
opened at Bromford Lane (/ron Steel, 1959, 32, 
July—~Aug., 388) A note on the new mill 
installed at the works of the Bromford Lron 
and Steel Co. Ltd, West Bromwich. 

Cold rolling research and theoretical methods 
of determining roll we in the _ rolling of 
Strip P.O. Strandell (Jernkont. Ann., 1959, 143, 
(11), 725-766) The development of rolling 
theories fromm Siebel and von Karman to 
Orowan is described. The method for calcula- 
tion of roll force proposed by Bland and Ford 
and based on Orowan’s theory is demonstrated 
and graphical methods are discussed. Methods 
of allowing for the additional! forces due to 
elastic deformation of the strip at the entry 
and exit of the are of contact in rolling hard 
and thin strip are described. Methods of calcu- 
lating roll deformation are compared critically, 
and work on the experimental determination 
of rolling forces along the are of contact is 
described (64 refs). 

Use of molybdenum sulphide as a lubricant 
for cold rolling of tubes I. M. Pavlov, Yu. F. 
Shevakin, and Yu. 8S. Seidaliev (Jzvest. VUZ 
Chern. Met., 1959, July, 191-193) The per- 
formance of MoS, in the cold drawing of 
small-diameter alloy steel tubes, method of 
depositing it on the plugs, and the effect of the 
coating on coeflicient of friction, pressure of 
stock on rolls and the sticking of tubes to the 
plug surface are discussed. 

Magnetic coolant cleaning upgrades cold 
rolled strip Armco Steel Corp. (Steel, 1959, 145, 
Dec. 7, 146-149) An example is cited of how 
magnetic separators in the coolant system of a 
cold rolling mill help to produce clean steel 
strip and reduce maintenance troubles. 

Modern pipe mill at Stockton-on-Tees South 
Durham Steel & Iron Co. (Brit. Steel, 1959, 25, 
Sept., 324-326) A description of the production 
of welded steel pipe at the new tube mill which 
came into production in 1955. 

Recent developments in pipe and tube mill 
machinery D. Hancke and R. Hartenstein 
(Iron Steel Eng., 1959, 36, Aug., 83-91) After 
pointing out that, on the whole, tube mill 
developments in recent years have consisted of 
modifications of existing plant rather than new 
processes, the authors discuss and describe in 
detail several design improvements carried out 
on seamless tube plant constructed by Man- 
nesmann- Meer Inc. Special reference is made 
to the new stretch-reducing mill at the Lone 
Star plant. 

Manufacture of seamless steel tubes for oil 
wells G. Miano (Ing. e Indust., 1959, 26, Sept., 
124-130) [In Spanish] Details of the layout 
and equipment of the finishing line for produc 
ing drill pipe and tubing at 
given P.Ss. 

{Rolling of seamless tubes:| Presidential 
address of West of Scotland Iron and Steel 
institute J. Todd (West. Scot. ISI Paper 
No.520, pp.19). The development of the 
Mannesmann process is outlined. 

Hydraulic jet positioning ae V.1. Damrin 
and B. 1. Zobak (Stal’, 1960, (2 189-197) A 
scheme for control of the slide poo and leading 
roller of the piercing stand of a tube mill 
depending on a jet of water passing from one 
nozzle to another and converting the impulse 
into an electric current is described. 

Ebbw Vale hot mili gets new drives (rit. 
Steel, 1959, 25, Sept., 336-339) A description 
of the re-motoring of the continuous hot strip 
mill at Ebbw Vale, which was completed in 
20 days. Details of the drives are given 

The behaviour of large electric drive motors 
during the reversal of the direction of rotation 
W. Nurnberg (Stahl Eisen, 1960, 80, April 14, 
514-520) The forces and moments acting in an 
electric motor during reversal of direction of 
rotation are discussed and means are described 
for reducing these forces. The studies were 
earried out with special reference to rolling 
mill drive motors.— T.G 

Directing, controlling, storing, computing: 
Steps in the development of drive mechanisms 
towards automation of rolling mills H. Opitz 
(Stahl Eisen, 1960, 80, April 14, 503-507) The 
latest developments in industrial electronics 
are briefly discussed aiming at automation of 
continuous strip mills,— T.G 
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Check reversing mill down time Ceneral 
Electric Co. (Iron Age, 1959, 184, Dec. 3, 114 
115) For easier maintenance GEC have pro- 
duced a twin drive for heavy-duty reversing 
mills in which the top motor is located over the 
extension shaft of the lower one. Other features 
of this new unit are an integral design of 
coupling and interchangeable motors.—a.G. 


MACHINERY AND SERVICES FOR 
IRON AND STEELWORKS 


Mobile pliant in heavy industry—more equip- 
ment for Steel Company of Wales (/rit. Steel., 
1960, 26, Jan., 26-27) A report of a speech by 
N. Dolling on mechanical developments in the 
Steel Company of Wales, the occasion being 
the delivery to the Company of two giant 
Michigan 275A _ supertractors—the largest 
built in Europe. 

EOT cranes at STELCO J. Witts and J. Bird 
(Iron Steel Eng., 1959, 36, Aug., 92-107) 
Design, construction, and maintenance of the 
electric overhead travelling cranes at the Steel 
Company of Canada works, and metallurgical 
control in construction and maintenance are 
discussed in detail, reference being made to 
AISE crane specifications, in particular 
AISE standard No.6, dealing with electric 
overhead travelling cranes for steel mill 
service. 

Progress in the generation, distribution, and 
consumption of electric power in iron and steel 
works G. Lemcke (Stahl Eisen, 1960, 80, April 
14, 498-502) A brief description of recent 
developments in the iron and steel industry on 
the electric power side.— T.G 

Experience in the operation of special-type 
squirrel-cage motors for steel works cranes H. 
Wortberg (Stahl Eisen, 1960, 80. April 14, 520- 
525) The advantages and the limitations of 
squirrel-cage motors for use in steelworks 
cranes are Only a special type of 
motor particularly developed for this purpose is 
able to give satisfactory results. These points 
are also stressed in the discussion following the 
presentation of the paper.— T.«G. 

Pole-changing squirrel-cage motors for 
steelworks cranes H. Enke (Stahl Eisen, 1960, 
80, April 14, 526-531) The modifications neces- 
sary to adopt the pole-changing squirrel-cage 
motor to the requirements of a steelworks 
crane are outlined.—1.G 

The application of switchgear to steel plants 
R. N. Wilson (Blast Furn. Steel Plant, 1959, 
47, Dec., 1291-1296) A general survey is made 
of modern systems, including a number of out- 
line circuits, some illustrations of equipment, 
and examples of the short 
circuits. 

Dynamic characteristics of d.c. generators 
for arc welding M. A. Carrer (Cien. Teen. Solda, 
1959, 9, May- June, 3, 1-12). 

Ultrasonic welding can improve joints in 
dissimilar metals (Steel, 1960, 146, Feb. 8, 78 
79) Applications of ultrasonic welding are 
described. The method may be employed 
where other methods are impractical, unre- 
liable, or expensive. It gives good joints 
between some dissimilar metals, but with 
present equipment one of the members being 
welded must be thin. Joints are strong and are 
effected without ‘welding’ so that brittleness 
from intermetallic compounds is avoided. The 
paper is made up of abstracts from an Amer- 
ican Welding Soc. Conference.—p.L.c.P 

Electromoulding technique trims cost of parts 
General Motors ¢ orp. (Steel, 1959, 145, Dec. 14, 
96-97) A welding technique called electro- 
moulding is described, in which parts are hot- 
formed and welded to shape.—pD.L.c.P. 

Solved: Mach 3 manufacturing problems 
North American Aviation Ine. (Steel, 1960, 
146, Jan. 18, 86-88) Metalworking problems 
which have been soved to make possible the 
construction of the B- 70 Valkyrie 2000 mph 
bomber are described. These include: handling, 
machining, and welding of the 0-006 in. steel 
skin; working new high duty metals; brazing of 
steel honeycomb using a luminous wall furnace, 
salt bath, electric blanket, or die 
methods, D.L.C.P. 

fron-aluminium alloy systems part 12, 
Welding of iron-aluminium alloys RK. Brooks 
and A. Volio (WA DC-—T R-57-298 (Part 12); 


discussed. 


calculation of 


quench 
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A D--207908, 1958, 
Sci. Abs., 1959, 


Nov., pp.39; from Nucl. 
13, May 13, 1213) Fusion, 
resistance, spot, and stitch welding methods 
were developed. Coated Fe-Al electrodes for 
manual are welding to dey metal with 
7-9°,Al were produced and brazing problems 
were studied. 

of zirco to stainless steel: final 
report J. ’ B. McAndrew and H. Schwartzbart 
(AECU-3835, 1957, Jan., pp.127; from US 
Res. Rep., 1959, 31, April 17, 272: no abstract). 

Join thick steel sections with electrosiag 
welding Arcos Corp. (Jron Age, 1959, 184, 
Dec. 17, 170-172) Electroslag welding involves 
using the heat generated by passing a current 
through a pool of molten slag to melt both 
filler metal and adjacent parent metal. The 
Vertomatic welding technique based on this 
principle is described and its advantages are 
cited.—-A.G. 

Ultrasonic improves quality of heat-ex- 
changer tubing Babcock & Wilcox Co. (Jron 
Age, 1959, 184, Nov. 19, 122-123) Methods 
adopted to improve the quality of welded steel 
heat exchanger tubing are described. These 
include trimming the strip just before welding, 
automatic removal of weld flashes, continuous 
ultrasonic inspection, and a continuous 
normalizing heat treatment.—a.c. 

Explosive welding is on the way American 
Potash & Chem. Corp. (Steel, 1959, 145, Nov. 2, 
90-91) Present knowledge on the principles 
and practice of explosive welding is surveyed. 
The method has given promising results in 
joining a variety of metals, and may soon be 
commercially feasible. It may be used i in con- 
june tion with e xplosive forming. D.L. 

New type electrode. Shanghai 57.1 for weld- 
ing of constructional steels Weng-ling Wei 
(Svar. Proizv., 1958, Jan., 30-31) Manufacture 
and properties of this Chinese-developed 
coated electrode, giving high mechanical 
properties of weld and weld metal, are des- 
eribed., 

The ‘0.K43’ electrode S. Ryvdenhag (ESAB. 
Rev., 1959, (1), 10-12) [In French] An account 
of the uses of a rutile-coated welding rod. 

Recent developments in weld electrodes 
Part 2 W. P. Campbell (Canad. Metalw., 1959, 
22, April, 58-63) Several advances in electrode 
design and employment are described. Iron 
powder electrodes which allow high deposition 
rates are on the market. Advantage is being 
taken of the ability of suitable coating com- 
positions to control the alloy composition of 
the weld deposit. Examples are given of elec- 
trodes that vield deposits which can be heat 
treated to give tensile strengths up to 300000 
psi. Control of moisture content of electrodes 
is becoming increasingly important.-—D.L.c.P. 

Development, properties and usability of low- 
hydrogen electrodes 1). ©. Smith (Weld. J., 
1959, 38, Sept., 392s) The history of 
low-H, electrodes, and the reasons for their 
development are described. The metallurgy and 
properties of these electrodes are summarized, 
and the effects of H, and moisture on welds, 
and the ways of avoiding their presence, are 
discussed. It is concluded that low-H, elec- 
trodes are superior to all other types, whatever 
the job, but that it is not likely that they will 
be generally used except for difticult-to-weld, 
ultra-high-strength, and free machining steels. 
Operators require training in the use of these 
electrodes, particularly in the ‘vertical-up’ 
position. 

Incorporation of aqueous solutions of potas- 
sium dichromate into electrode coatings N. A. 
Gorpenyuk and A. V. Pechatnovy 
Proizr., 1958, Jan., 37) The use of the solution 
is found to be superior to use of the solid 
chromate for hard-facing steel parts. The per 
formance of the electrodes in two vears of use 
is described. 
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Ni Cr—Mo steel ©. L. M. 
Cottrell and K. Winterton (Brit. Weld. J.» 
1958, 5, Oct., 481-484) Results of continuous 
cooling transformation diagrams suggest that 
a small amount of residual H, (0-35 ml/100 g) 
is likely to have an adverse effect on the hard- 
zone crack resistance of a high-tensile steel. 
Degassing the steel was found to improve the 
dead-load rupture stress. 

Influence of local heating on fatigue beha- 
viour of welded specimens |. R. Gurney and 











L. N. Trepka (Brit. Weld. J., 1959, 6, Oct., 
491-497) Exploratory tests on mild steel speci 
mens are reported. It is shown that local spot 
heating of specimens havimg clearly defined 
probable points of failure, e.g. containing dis- 
continuous longitudinal welds, increases their 
fatigue strength by ~150% when the 
men is subjected to pulsating tension loading 
This may be due to induced residual stresses. 

Standards of welding for airframe and air- 
craft engine parts F. J. Tranter (Brit. Weld. J., 
1959, 6, Oct., 443-455) Inspection and test 
methods are given which comply with those 
laid down by the Aeronautical Inspection 
Directorate of the Air Registration Board. 
Competency tests for operators are r¢ garded to 
be of special importance. Weld defects are 
illustrated.—v.+ 

Non-destructive testing in welding W. bE. 
Schall (SS News, 1959, Dec., 10-16, reprinted 
from the BEAMA Journal) Principles, appar 
atus, and methods are reviewed. 

On the mechanical characteristics and weld- 
ability of metallic alloys for the construction of 
nuclear plant F. Bragoni (Calore, 1959, 30, Dec 
666-680) After examining various alloys the 
writer concludes that Ni and Ni alloys have the 
best qualities for use in the construction of 
nuclear plant despite the high operating temp. 
Pressure containers and the principal parts of 
auxiliary equipment are now all welded using 
stainless steels with high Ni contents. 

The strength of metal-to-metal bonds 
F. Eichhorn and W. Braig (Materialprif., 
1960, 2, March, 79-87) Theory and experiment 
show that adhesive-bonded lap joints in 
metals have a high load-carrying capacity if 
the deformation of the metals at the joints is 
very small, but the adhesive should show a 
high plastic deformation in tensile 
and a high elastic deformability under pulsat- 
ing loads.— T.«G. 

Weldable low-alloy steels give high strength. 
low weight H. Thomasson (Canac Vetalw., 
1959, 22, Dec., 25, 27) Welding practice for 
low-alloy steels is considered for cases in which 
strength and weight are important factors. 

Quality control methods 1}. Fuchs and W. 
Ashworth ( Brit. Weld. J., 1959, 6, Oct., 429 
438) Quality control methods are discussed for 
the purchase of welded equipment. Before 
manufacture the design, materials, and tech- 
niques of construction should be agreed be 
tween supplier and purchaser. Inspection pro- 
cedures are described. Examp ae are given of a 
number of service failures.—v. 

Some aspects of a contre! in fusion- 
welded products Bb. K. Barber (rit. Weld. J., 
1959, 6, Oct., 480 “as ) Various inspection and 
test methods are given for ensuring good 
quality weldments. Emphasis is laid on the 
supervision and training of operators. Design 
features are discussed with illustrations.—-U.E. 

Shunters for the Steel Company of Wales 
Brush Traction Ltd (Oil Engine, 1960, 27, 
Mid-Jan., 247) The new 500 hp diesel shunting 
locomotives are described. 

_— to get more for your maintenance dollar 
(Iron Age, 1959, 184, Dec. 10, 93-108) Various 
aspects of the problem of maintenance are con- 
sidered. placed on the need for 
planned maintenance under adequate super 
vision, the keeping of performance records, and 
the design of installations for easy greasing and 
access A.G. 

Materials stimulus for lowering costs of rail- 
way freight handling in metallurgical establish- 
ments B. Bb. Rozin and R. 8S. Geifman (Stal’, 
1960, (2), 165-168) The introduction of an 
incentive wage system is described. 

Power dispatching in a steel plant ©. L. 
Eichenbe arg (Iron Steel Eng., 1959, 36, Se *pt., 
133-139) The advantages ‘of a “‘Gontealined 
control and direction of the generating, trans- 
mitting, and consuming units in a steel plant 
are discussed in relation to the application of 
the system to the Bethlehem plant of Bethle 
hem Steel Co. 
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WELDING AND FLAME CUTTING 
New development in arc welding processes 
and their application P. Shaw and D. B. Tait 
(Brit. Weld. J., 1958, 5. Oct., 454-464) Topies 
discussed are improvements in manual weld- 


ing speeds by the use of iron-powder electrodes, 





and their limitations, and developments in 
semi- and fully-automatic welding processes. 
Several applications of automatic welding are 
described in the second part of the paper. 

Welding of some creep-resisting steels J. | 
Mercer (Brit. Weld. J., 1958, 5, Oct., 472-474 
The development is described of alloy elec 
trodes for steels to be used for welded 
fabrications intended for steam raising equip- 
ment to withstand elevated temp. and pres 
sures. Three groups of steels are considered: 
4%Mo, 1-1}3°,Cr, and $°%Mo, and 2}%Cr 
4% Mo (14 refs). 

Some aspects of cast iron welding ©. Pfeiffer 
and S. Lundin (ESAB Rev., 1959, (1), 1-9) [In 
French} Properties and structures of white, 
grey, and nodular irons and general conditions 
of welding and choice of electrode are dis 
(2-3, 5-13) Nodular iron in 
heat-treated conditions was welded with Ni 
Fe electrodes and the results of the tests are 
shown. Tensile and bend tests are tabulated 

Welding of nodular cast iron ©. Pfeiffer 
(Gjuteriet, 1959, 49, (9), 225-226, 229-230, 233 
234, 237-238, 241 242, 5) General problems 
connected with the we sk ling of cast iron and 
choice of electrodes are and an 
account is given of the low-temp. welding of 
nodular cast iron at 250°C, followed by subse 
quent heating to 920°C and free cooling 

Cheaper way to weld tubes H. Thielsch 
Prod. Eng., 1959, 30, Dee. 21, 54-55) A pro- 
cess using a thin insert ring in the root of the 
weld is described. The advantages are more 
rapid welding and fewer defects 

Automatic vertical welding J. A. Lucey and 
D. D. Smout (Brit. Weld. J., 1959, 6, Sept., 
396-405) A new are welding process has been 
developed in the USSR from the submerged 
are welding method. The are is initiated on 
some form of run-on plate and the current then 
passes from the tip of the electrode to the 
surface of the molten weld pool through molten 
slag. The pool is contained between the faces 
of the joint by damming blocks traversed 
vertically up to the joint together with the wire 
feeder as metal is deposited. 
described with illustrations. 
is said to be very 
tion is observed. 

Some guidance on welding dissimilar alloy 
steels M. C. T. Bystram (Brit. Weld. J., 1958, 
5, Oct., 475-480) Welding of low-alloy ferritio 
steels, stainless steels, and high-Ni alloys in 
various combinations and at low, 1, and 
elevated temp. is discussed. 

A practical approach to resistance welding 
K. H. McDowell and D. A Brit. Weld, 
J., 1959, 6, Sept., 381-395) Various resistance 
welding machines and processes used in the 
gas turbine industry are described ihe physi- 
cal characteristics of the materials to be welded 
are given. The metallurgical difficulties which 
arise when spot-welding light alloys, steels, 
stainless steel, nickel base alloys and Ti, are 
discussed with illustrations. A brief survey of 
testing techniques is added. 

New process of assembly of steel tubes H. 
Goldstein (Gén. Chim., 1959, 82, Dec., 165-169) 
A process for end-to-end welding keeping a 
continuous internal tar coating is described. It 
also simplifies cathodic protection outside. 

Metal treatment eg gy D. Flament 
(Met. Constr. Mech., 1960, 32, « 35-41) The 
process and its uses and effects on different 
classes of steel are described and tabulated. 

Electrosiag welding in action P. Trippe 
(Metalw. Prodn., 1959, 103, Dec. 18, 2050 
2052) Mostly illustrations of the machines 
employed, with captions on their operation. 

The new ne processes J. ©. Merriam 
(Met. Design Eng., 1960, 51, Jan., 105-119) A 
comprehe nsive report on e slectron beam, ultra- 
and 11 other welding processes, some 
still in the experimental stage, is presented and 
illustrated 

Welding by shielded arc in an gy of 

2 J. C. Rodriguez (Met. y Electr., 1960, 24, 

212-216) The operation and its risks are 


some 


cussed various 





discussed, 


The equipment is 
The weld quality 


good and no angular distor- 


roon 


Veeks ( 


Jan 9* 


sonic, 


S.H.-8. 


Jan., 
illustrated and described S.H.-S. 
Welding problems in the chemical industry 
Gerbeaux (Rev. Univ. Mines, 1960, 16, 
Feb., 121-130) Welded structures of heavy 
materials are discussed; details of fabri- 
cation, and the advantages of manual and 


some 
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automatic welding are compared. 
materials available is discussed 
Welding of type 347 stainiess steel: Minutes 
of the 7th Annual atomic energy commission 
welding conference, held in Chicago, Illinois. 


rhe range of 


Nov. 1957 V. N. Krivobok (7/7 D 7562, pp.13; 
from Nucl. Sci. Abs., 1959, 13, May 31, 1211) 
High-temp. tensile tests, stress-rupture tests, 


and hot ductility tests, also impact toughness 
after ageing at 800 and 900°F, were carried out. 
Cracking testa with the 16-8 2 electrode are 
also reported. 

Welding of stainless steel which contains 
more than one per cent boron: Minutes of the 
7th annual atomic energy commission weldin 
conference, held at Chicago, Ill., Nov. 195 
N. Balai (TI D-—7562, pp.l7; Nucl. Sci. Abs., 
1959, 13, May 31, 1211) Properties of high-B 
cast and wrought stainless steels are given and 
their welding is and 
irradiation tests data are given. 

Joining of zircaloy to austenitic stainless 
steel: Minutes of 7th annual atomic energy 
commission welding conference. Chicago, Iil., 
Nov. 1957 K. H. Koopman (7/7 D-7562, pp.25; 
from Nucl. Sci. Abs., 1959, 13, May 31, 1211) 
Studies of welding, ~estae Aen cladding, and 
diffusion-bonding are reported. Joints brazed 
with pure Ag may find application 

Selected examples of welding construction in 
the fabrication of equipment for the chemical 
industry R. Séhngen (Cien. Teen. Solda, 1959, 
9, May-June, 8/8366/1-9) The special prob- 
lems associated with the welding of fabricated 
equipment for this discussed, 
including the importance of protec tion ayainat 
corrosion, and several examples are described. 

Spot-welding of a 12°.Cr martensitic stain- 
less steel k. F Nip pes, Savage, L. C. 
Ianniello, and W. A. Owezarski (We eld. J. 
1959, 38, Sept., 360s 366s) The optimum spot 
welding conditions were determined for 0-007, 
0-015, and 0-022 in. stainless steel sheet with 
0:2%C, 12% Cr and with additions of 1°,Mo 
and 0-3%V. 

Application of the automatic submerged arc 
welding process in assembly shops ©. Grossi 
(Ing. Mec., 1960, 9, Jan., 19-29) The use of the 
automatic submerged are welding 
although comparatively new, is 
increasingly widespread. In 
author reviews the 
the process outside 


discussed. Corrosion 


purpose are 


process, 
becoming 
this article the 
industrial applications of 
the normal scope of the 
workshop, giving examples. 

The useful fields of application of automatic 
welding K. H. Mathias (Schweissen Schneiden, 
1960, 12, March 102-111) The and 
quality advantages offered by the application 
of automatic welding methods as compared 
with manual welding are outlined 
are presented for aiding in the 
which 


economic 


and guides 
decision of 
welding best 
(15 refs).—tT.G 

Welding and cutting with electron beams 
K.H.Steigerwald (Schweissen Schneiden, 1960, 
12, 12 March, 89-95) The principles of electron- 
beam welding and cutting are explained, 
apparatus for welding, cutting and milling are 
described and details of cutting and 
welding techniques given. Electron beams are 
particularly suited for the micromachining of 
steel as is shown on a stainless steel spinneret 
0-5 mm thick) into which a slot 0-8 mm long 
and 0-05 mm wide was accurately cut. The 
main advantage of electron-beam 
that as a result of the 
tion very little 


automatic process 1s the 


for a specific case 


some 


welding is 
high energy concentra- 
total energy is required thus 
restricting the heat-affected zone to a fraction 
of that occurring in any other welding pro- 
cess, for instance, the cross-section of the 
electron beam may be as small as 10-7? em? but 
the specific energy may reach the high value of 


5 10-8 Wiem?®. As electrons penetrate sheet 
metal quite easily, welding can be done at 
places that are inaccessible to any other 


welding method.—tT.«G. 

Microcracking of welds in mild steel: A 
review J. Sebille (Rev. Soudure, 1960, 16, (1) 
1-27) The phenomenon is methods 
of detection are discussed, the conditions in 
which micro-cracks appear, hydrogen in steel, 
metallographic observations, and theories of 
the phenomena with special reference to H, 
and to static fatigue are then considered 


Furnace for high-temperature brazing T. A. 


described, 
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Dickinson (Ind. Gas. 1959, 22, Dec., 14, 16) A 
bell-jar type furnace heated by natural gas is 
described. 


Brazing by electric resistance furnace. 
Principles and tactors of brazing J. Guingand 
(Usine Nouv., 1960, 7, Feb. 18, 101-102; 
Bulletin of Information Heurtey, No.14) A 


technical article, with diagrams showing (1) 
ten examples of brazing and (2) eight con- 
trasted examples of incorrect and correct 
methods. Equipment, the use of four classes of 
gases, particularly the use of combustible gas 
in the brazing of mild steel to copper, and 
methods generally to be followed are des- 
eribed.—s8.H.-8. 

Metal adhesives. and their application in 
bonded sandwich structural forms Hi. K. Ashley 
(Manch. Assoc. Eng., 1959-60, (4), 1-12) 
Mainly non-ferrous. 

Adhesives up diecasting output (/ron Age, 
1959, 184, Nov. 26, 94-95) An epoxy resin 
adhesive is being used to bond three separate 
die castings into one complex pump assembly. 
No lugs or flanges are required and close toler- 
ance machining of mating surfaces is said to be 
unnecessary. The bonding operation can be 
performed by unskilled labour and results in 
an over-lap shear strength of 4670 psi. 

General recommendations for the oxygen 
cutting of mild or low-alloy steels (Cien. Tecn. 
Solda., 1959, 9, Nov.—Dec., 9, 942, 1). 

Fiame cutting material 5 ft thick British 
Oxygen Gases Ltd (Engineering, 1959, 188, 
Dec., 4, 595) An account of a demonstration 
given at Osnabruk. 

0, cutting keeps pace with progress H. 
Thomasson (Canad. Metalw., 1959, 22, April, 
54-56) Recent developments in O, cutting are 
surveye These include: more multiple 
Semeeaer | more mechanical or automatic han- 
dling of plates and parts; pattern-tracers using 
‘electric eyes’ or model-size templates; applica- 
tion to high carbon and alloy steel plates. 

Plasma a substitute for the oxy-fuel flame 
J.A. Browning (Weld. J., 1959, 38, Sept., 870 
875) The theory and applications of plasma 
flames are discussed, and an important future 
is forecast due to the very high temp. attain- 
able in this way. Welding, metal-cutting, and 
spraying of refractories and substances that 
are difficult or impossible to spray by con- 
ventional means are considered. and the sav- 
ings in cost and time by the use of plasma 
flames are pointed out. 

Gas, arc cutting simplified J. Okladek 
(Canad. Metalw., 1959, 22, Dec., 18-23) The 
practices of gas cutting, lancing, scarfing, and 
gouging are considered and extended to heavy 
cutting, hot cutting, and under-water cutting. 
A useful table called ‘metal cutting operating 
conditions’ is appended.—v.a 


MACHINING AND MACHINABILITY 


Machinability ©. Andersson (Tek. Tidsk., 
1960, 90, March, 18, 273-282) Methods of 
assessing machinability are reviewed, methods 
of classification discussed, and the effects of 
composition, structure, and heat treatment on 
the machinability of various materials is 
considered, 

A three-dimensional, tool-life equation 
machining economics 15. N. Colding (Trans. 
ASME, J. Ind., 1959, 81B, Aug., 239-250) 
Two tool-life equations, one limited and one 
general, are derived, between the variables 
cutting speed, chip equivalent (introduced by 
Woxén), and tool life. A relationship is then 
derived which is used with the general tool-life 
equation to investigate the optimum combina 
tion of tool life, chip equivalent, and cutting 
speed (21 refs 

Some observations on the shearing process in 
metal cutting 8S. Kobayashi and FE. G. Thomsen 
(Trans. ASME, J. Eng. Ind., 1959, 81B, Aug., 
251-262) It stablished that the shearing 
stresses on the shear plane for SAE 1112 free 
cutting steel appeared to be independent of 
normal stress, finite strain, strain rate, and 
initial state of cold work under the conditions 
investigated (29 refs 

Observations on the angle relationships in 
metal cutting D. M. Eggleston, R. Herzog, and 
E. G. Thomsen (Trane. ASME, J. Eng. Ind., 
1959, 81B, Aug., 263-279) Orthogonal-cutting 
experiments w ith SAE 1112 free-cutting steel 


WAS ¢ 


using 18-4-1 high speed steel tools showed 
under the conditions of the experiments that 
the angle A between shear plane and resultant 
tool force R was only approximately constant 
for each test condition and varied with cutting 
speed. The implication of these findings are 
discussed (16 refs). 

Highlights on the Ford Anglia line-3 W. A. 
Hawkins and K. Hards (Metalw. Prodn., 
1960, 104, March 16, 463-466) An illustrated 
account of the installation of broaching 
machines for machining bearing caps in a nine- 
station line. 

Ultra-high tensile steels are machined hot 
R. A. Scott (Metalw. Prodn., 1960, 104, March 
16, 484-485) Preliminary work with carbide 
tools shows the advantages of machining hot. 
Work up to 1 200°F is being evaluated. 

Mill quality molds with tracer Pacific Mold 
Inc. (Iron Age, 1959, 184, Nov. 26, 101) An 
account is given of the production of complex 
moulds by milling controlled by a fully auto- 
matic three-dimensional tracing attachment 
following the contours of a plastic or soft wood 
master.—-A.G. 

Transfer line speeds structural fabricating 
Mulfab. Corp. (Steel, 1959, 145, Jan. 11, 146. 
70-71) The mechanized facilities in a shop 
engaged in cutting and drilling beams are 
described. A craneman, a sawing line operator 
and a drilling line operator now do more work 
than was previously done by seven men. 

Facing units make special machines Clay 
— (Iron & Foundries) Ltd (Metalw. Prodn., 
1959, 103, Dec. 30, 2095-2097) Standard units 
are used to make up a flange facing machine 
for an iron pipe machining line. 

Some metallurgy for the grinding experts 
T. Curti-Jung (Met.-Reiniqgung Vorebhand., 
1960, 9, Feb., 26-27) Some notes on definitions 
and properties of irons and steels. 

Precision barrel deburring of camshaft gear 
Vauxhall Motors Ltd (Metalw. Prodn., 1960, 
104, March 16, 477-479) An illustrated account 
of a plant with an output of 64 shafts/h. 

Ultra-high strength alloys Part 1: Machining 
tests using high-speed steels and tungsten- 
carbide tooling J. Maranchik jun., J. V. Gould, 
and P. R. Arzt (Aircraft Prod., 1959, 21, Nov., 
402-409) The relation of tool-geometry to 
speed and feed is included. 

High output machine tools for cutting of 
metals K. W. Michler (Metall., 1960, 14, Apr., 
318-322) The latest trend in machine tool 
development is a deviation from the transfer 
machine towards a high-output machine using 
cemented carbide or ceramic tool tips to give 
the high cutting speed required. The author 
describes a number of universal machine tools 
which can be adapted to automatic or partly 
automatic operation. The advantages offered 
by these are enumerated.—t.«a. 

Heavy cuts = carbide at low speeds 
(Metalw. Prodn., 1960, 104, March 9, 426-429) 
An illustrated account of the uses of Ardoloy 
grades. 


Ceramic cutting tools P. T. Fitzroy (Com- 
monw. Eng., 1960, 47, Jan. 5, 24-27) Work 


carried out at Melbourne is reported; tool 
properties and operating conditions are given 
and the effect of cutting speed on wear pattern 
and tool life. 

Ceramic tools: Let them work where other 
materials fail H, Frommelt (Jron Age, 1959, 
184, Oct. 15, 106-108) The field of application 
of ceramic cutting tools is discussed with some 
examples. These tools are said to turn 63 Re 
material up to 350 sfpm and to produce a 
superior finish A.G. 


Now —-successful ceramic milling R. M. Gill 
and C, Spence (Metalw. Prodn., 1960, 104, 
March 23, 514-517) The use of ceramic tipped 
milling cutters by Alvis Ltd is described. 


Drill points modified for tough steels J. A. 
Edwards (Metalw. Prodn., 1959, 103, Dec. 30, 
2112) A modified notched point is described. 

Characteristics of spark erosion circuits P. ¢ 
Farley (Met. Treatment, 1959, 2 » Nov., 405- 
$20) The theoretical basis of spark-machining 
circuits is considered. Circuits based on de and 
a capacitance and on ac are described as well as 


pulse forming circuits. r.G 


Spark machining and = development D. W. 
\udorff (Met. Treatment, 1960, 27, Jan., 3-14 
rhe nature of the discharge, the surface finish 
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obtained, development of the circuit, elec 
trodes, feed control, and future developments 
are considered. 

The electro-spark machining of wire-drawing 
dies H. G. German (Wire Prod., 1959, 7, 
March-April, 1-8) The theory and practice of 
the electro-spark machining of wire drawing- 
dies are explained. In particular the ‘G.K.N.’ 
spark machine is described; this has been 
designed to allow practical economic operation. 
Dies can be made in hardened materials with a 
good accuracy and _ surface — 
illustrated examples are given.—D.L.C.P. 

Latest progress in the field of electro-erosion 
machining Y. S. Kroundycheff (Swiss T'echn., 
1959, 2, 49-51) After mention of two principal 
methods of pera erosion, a third process, 
claimed as giving great stability and versa- 
tility, in use at the Charmilles Engineering 
Works Ltd of Geneva by their Eleroda D1 
machine is illustrated and described.—s.H.-s. 

Study of cutting fluids, 111. On the roughness 
of machined surfaces N. Shinozaki and M. 
Harada (Rep. Inst. Phys. Chem. Res. Tokyo, 
1959, 35, March, 140-148) [In Japanese]. 

Automatic chip ae oil gmoney | pay off 
Link-Belt Co. (Steel, 1960, 146, Jan. 18, 90-91 
The working and advantage 93 Of a metal-chip 
handling system which produces oil-free chips 
of uniform size is deseribed. The turnings are 
crushed so that they have a higher bulk 
density and are easily handled. Oil extraction 
is effected in a centrifuge; the re-claimed oil is 
purified and re-used.—b.L.c.P. 

Automation of chip removal at G.E. (Canad. 
Metalw., 1959, 22, May, 26-28) The chip 
disposal system installed for heavy duty lathes 
is described. The conveyors are of the hinged- 


Seven 


pan type, which work without wedging or 
spilling.—bD.L.C. 
Electrolytic machining advances (Steel, 


1959, 145, Nov. 9, 156-157) A new 
electrolytic cavity sinking machine and its 
applications are described. A shaped electrode 
is made negative and the workpiece positive in 
a harmless electrolyte solution. Material is 
removed at up to 0-005 in. per sec. to form 
open or blind holes. Good tolerances and finish 
can be maintained. The principal application 
is working high strength steels for special 
purposes such as jet engine parts. —D.L.C.P. 

Cutting and metal-working oils W. RK. Steet, 
F. Rogerson, and L. A. Cooper (J. Jun. Inst. 
Eng., 1959, 70, Oct., 13-23) A general review 
of the lubrication of workpieces of various 
metals for various machining operations. 

The pretreatment is important; K. A. van 
Oceteren-Panhauser (Met.- Rein, Verhbeh., 1959, 
8, Aug., 129-132) Several examples from prac- 
tice are discussed to show the importance of 
suitable pre-treatment in preventing defects in 
the finished articles. 


‘Anocut’ 


CLEANING AND PICKLING 


New experiences in metal cleaning A. Pollack 
(Met.-Rein. Vorbeh., 1960, 9, Feb., 21-25 
Topics dealt with in outline include: vapour 
and vapour jet degreasing, ultrasonic cleaning, 
economic advantages of alkali degreasing, new 
equipment for electrolytic cleaning and the 
future prospects of automatic cleaning plants 
Some illustrations of equipment are reproduc- 
ed. 

20,000 Degreasing plants 7 been made by 
1.0.1. (Ind. Fin., 1959, 11, Aug., 54-56) Tri- 
chlorethylene plants are re ferred to. 

Sveteonteneets required by protective coatings 
B. Waester (Ind. Fin., 1959, 11, Dec., 36-38: 
from Kunststoffe Plastics, 1959, 532 536) The 
necessity for a cleaning pre-treatment of metal 
parts before the application of protective coat- 
ings is discussed, and the several methods used 
are described. The results of tests made to 
determine the relative effects of these methods 
are given. Although the data are insufficient 
for certain evaluation, CS, degreasing appears 
especially favourable in the case of carbon 
steel.—a.F. 

Speedy, precise, pageee mae a 
of metal parts (/nd. Fin., 1959, 11, Dec., 34- 
The principle of ultrasonic cles solirleculinah, 
and the design and operation of typical equip- 
ment are described. The advantages of this 


method over other cleaning processes are 






















































































discussed, and the direct and indirect savings 
resulting from its use are listed.— G.F. 

A review of: barrelling and abrasive blasting 
(Corros. Prev., 1959, 6, 61-67) A review of pro- 
cesses, equipment, and application, including 
Roto-Finish and Vaquablast plant and blast 
ing, liquid honing, and descaling systems. 
Barrel finishing: materials and techniques 
for precision results 1). Mosher, F. Soper, and 
T. Loll (Products Fin., 1960, 24, Jan., 27-31) 
Media, abrasives, spet rd, cycle time, and barrel 
size are discussed. 

Vibratory motion gives faster barrelling (/nd. 
Fin., 1959, 11, Aug., 42, 60) The performance 
is outlined of a range of metal finishing 
machines developed by Roto-Finish Co. of 
Kalamazoo, USA, in which vibratory motion 
is used instead of the rotary action of the con- 
ventional barrel. 

Barrelling and drum polishing ©. Rousselot 
(Galvano, 1959, 26, Nov., 513-514) A_ brief 
review of equipment, its use for cleaning of 
cast, forged, and stamped parts, and for sur- 
face improvement, the choice of abrasive 
additive, rate of rotation, and time of treat- 
ment and size of charge is given. 

Metal abrasive —- put accent on per- 
formance (Stee/, 1960, 146, Feb. 1, 88-90) The 
views of makers of metal abrasives for blast 
cleaning and peening, on products and met hods 
are reviewed.—D.L.C.P. 

Abrasive maga in barrel finishing A. S. 
Kohler (Plating, 1960, 47, Jan., 59-62) De- 
burring compounds with and without abrasive 
grains are reviewed, considering particle size 
and wear and their advantages and dis 
advantages. 

Problems of dressing with metal shot- 
blasting agents Hi. Thier (Wet.-Rein., Vorbeh., 
1959, 8, Sept., 145-150) Some experiences are 
described of the use of various shot-blasting 
materials in the preparation of mild-steel sheet 
work for enamelling. 

Blast cleaning machine speeds scale removal 
Vulcan Rivet & Bolt Corp. (Steel, 1959, 145, 
Dec. 7, 159) THe installation of a blast cleaning 
machine for nut and bolt blanks gave the 
following advantages over the previous system 
faster, cleaner, reduced maintenance, cleaner 
and less damaged product.—D.L.c.P. 
Post-treatment — problems in work with 
shot-blast stock B. Pais and E. 8. Keely (Jron 
Age, 1959, 184, + ag 5, 94-96) Means for over 
coming some problems in the shot-blasting of 
sheet and plate steel are described. These prob- 
lems include residual fine seale (smut), dust 
extraction, and die wear due to the increased 
hardness of the sheet A.G. 

Testing and standardization of steel shot 
E. Bickel and H. Krautmacher (Stahl Eisen 
1960, 80, March 17, 365-367) Two letters. One 
discusses a paper recently published and points 
out that the shot-peening effect and the clean 
ing effect in shot blasting are two entirely 
different things that should not be confused. 
The previous author replies and stresses inter 
alia that the use of small-size shot has three 
advantages i) the wear of the shot-blasting 
machine is reduced; (ii) the service life of the 
shot is greatly improved; and (iii) the abrasion 
of the parent metal below the scale is kept 
smaller r.aG 

Abrasive blasting in the shipping industry 
P. B. Wharton (Corros. Prev., 1959, 6, June, 
59-60) Modern developments in sand blasting 
for marine applications are described. 

You can cut blast cleaning costs G. ©. Pfaff 
(Foundry, 1959, 87, Oct., 92-95) Measures 
taken to check blast cleaning efficiency and 
costing are deseribed, 

Fettling costs reduced: change-over to elec- 
tric grinders at Bradford foundry inglish 
Electric Co. Ltd (Tron Steel, 1960, 33, Jan., 21 
22) Operation of and economies obtained by 
the use of high-frequency electric grinders at 
the Dick Lar oundry are described. 

Some studies on the shot descaling of rolled 
wire and hot strip H. Sedlaczek, H. Wirtz, and 
M. Buch (Stahl Kise n, 1960, 80, March 17, 351 
356) I xperiments on shot descaling of rolled 
steel wire showed that the shot blasting mach 
ines must have variable speed control in order 
to deal with wire of different surface condi 
tions. It was found also that the quantity of 
shot used per unit of time and the size of the 








shot have a marked effect on the surface 
quality of the treated wire. In the studies on 
the shot descaling of hot-rolled strip it was 
found that clogging up of the rolls in the subse 

quent cold rolling could be drastically reduced 
if the edges of the strip were properly de- 
scaled. r.G, 

Surface finishing with felt grinding and 
polishing materials 1. Curti—Jiing (Wet.-Tein. 
Vorbeh., 9160, 9, March, 39-41) The materials 
and the finish produced are reviewed 

Automatic polishing with liquid composition 
Vauxhall Motors Ltd (Electropl. Met. Fin., 
1960, 13, April, 130-132, 138) An illustrated 
account describing the use of the Acme 
Universal and the Morrisflex-Hammond 
machines. 

Flame-priming improves metal painting 
+. H. Morgan (Eng. Min. J., 1959, 160, April, 
86, 88) Spaced oxy-acetylene flames are used, 
removing mill seale and converting rust to 
stable oxides by loss of water. 

Fiame-cleaning: surface preparation systems 
combined on ‘live’ gas 97 West Midlands 
Gas Board (Corros. Techn., 1960, 7, Feb., 54, 
64) A description of the flame cleaning of a gas 
holder containing gas, using a strip cleaning 
technique combined with ancillary descaling 
equipment. 

Gas-boosted air jet speeds blast —— J. 
Browning (Metalw. Prodn., 1960, 104, Feb 7 
293-294) Blast from burning gas and com- 
pressed air provides the high velocity of the 
air jet in a novel sandblasting process that is 
claimed to be four times as effective as con- 
ventional methods r.G. 

Blast descaling reduces pickling cost Uni 
versal Cyclops Steel Corp. (Steel, 1959, 135, 
Nov. 16, 118-122) Details of a plant are given 
in which a shotblasting machine removes scale 
from a stainless steel strip before it is pickled 
This pickling time and process costs are 
reduced.—D.L.C.P. 

Electropolishing of stainless steels (7'echn. 
Indust., 1959, » Nov., 1662-1664) [In 
Spanish] The techniques and characteristics of 
electro polishing are described; examples of its 
applications in industry are given. —P.s 

Electropolishing techniques = metals and 
alloys S. Gruettner (/nd, Fin., 1959, 11, Aug 
49-50, 52: from Vetallwarenine ial und 
Galvanotechnik, 49. (2), 58) The history of the 
development of electropolishing is given and 
the article describes the te chnique 3 used. 

Modern continuous pickling processes HH 
Moehring (.Met.-Rein. Vorbeh., 1960, 9, Jan., 
3-9) A general description of modern continu- 
ous processes of pickling, degreasing, and 
washing is given, with particular reference to 
treatments prior to enamelling 

Some savestigamens into me ‘acid pickling of 
mild steel |). Jackson, J. Stedman, R. V. 
Riley age Virt. Ene oth son 1954-1957, 
12, 79-92) Experimental work carried out to 
compare the characteristics of 10° H.S¢ Ms and 
20°,HCI as mild steel pickling agents and to 
examine the effect of several variables is first 
described, followed by an account of research 
on the effects of previous alkaline cleaning in 
the pickling process. The paper concludes with 
data obtained in a study of the Ni-dip process 
and on work carried out to improve the surface 
condition of steel after pickling 

Electrolytic pickling of sheets by mains fre- 
quency alternating current I’. I’. Belyaev, B. A. 
Nikitin, S. I. Sukhov and (Stal’, 1960, (1), 79 
81) Graphite electrodes in HCl solution were 
used. Cl, is not evolved. The method was 
successful for bright-annealed hot-rolled and 
cold-rolled sheets. As no gases are evolved the 
installation can be built into the hot tin- 
plating line. 

Sensitivity of different steels to pickling 
brittleness ©. A. Zapffe and M. E. Haslem 
(A D-137777; PB 136226, 1948, pp.27; from 
US Res. Rep., 1959, 31, 249) In cathodic 
pickling annealed steel is least and hardened 
steel most susceptible and cold working in- 
creases susceptibility Martensitic stainles 
grades are most susceptible and this is 
creased by increased ( In acid pie kling stain- 


less steels are less susceptible except for 


440-C 
Inhibition of hydrogen embrittioment during 
pickling RK. C. Bertelson (PB 149306, 1959, 
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Feb., pp.13; from US Res. Rep., 1959, 32, 
Aug. 14, 238) A synthesis of 6-methyl-3-p 
tolyl-3: 4-dihydroquinazoline which is a com 
ponent of US Army 4-105 inhibitor giving 53° 
yield is worked out 

Effluent testing station (Wire, 1959, June, 
64-66) Design features and operating data of 
an automatic efftuent sampler for a testing 
station are described 

The problem of industrial waste waters 
(Usine Nouv., 1960, 16, Feb. 25, 26-27) A 
review of two papers presented before the 
Institute of Sanitary Techniques on Dec. 14 
1959. (1) R. Coles states a case for The role and 
formation of a body of water specialists, ‘water- 
engineers’. as yet non-existent, (2) M. A 
erier, The problem of industrial discharges: 
and attempt at synthesis, in which methods of 
treatment are suggested and briefly described 

Treatment of waste acid and effluent from 
continuous strip pickling lines A. lk). Matthews 
Wire Ind., 1959, 26, May, 453-459, 492) The 
new plant for treating waste acid and effluent 
from the continuous strip pickling lines at the 
Brinsworth Mill is described. The plant was 
designed to run with the minimum attention. 
Regeneration of the spent acid is by the shock 
cooling process; ‘Dynacone’ continuous centri 
fuges separate the ferrous sulphate crystals 
from the regenerated acid. Rinse water from 
the pickling lines is neutralized by the addition 
of lime slurry.—D.L.c.P. 





PROTECTIVE COATINGS 


Some recent developments in protective coat- 
ings in U.K. A. N Kapoor (NML Tech J os 
1959, 1, Nov., 16-27) The author describes 
aluminizing practice at Bridgend and tinning 
practice at Velindre red 

Russian practice in electroplating steel N. P 
Fedot’ev and 8. Ya. Grilikhes (Klectropl. Met 
Fin., 1960, 13, April, 119-125) 
lated from a Russian book ‘Electropolishing, 
Anodizing and Electrolytic pickling of metals’ 
lex tropolishing bath 
compositions and Operation, electrolyte regen 
eration, and a list of defects and their remedies 

Metal finishing in Europe today |). A. Marino 
(Met. Fin., 1959, 57, Dec., 54-58) A general 
account, with particular reference to France 
and Italy. 

Problems and trends in modern electro- 
plating (Galvano, 1960, 29, Jan., 37-40) The 
final article of a series (45 refs). 

Specifications for protective plating: 2 bk. A. 
Ollard (Corr. Prev., 1959, 6. Sept., 42-47) The 
uses are considered, mainly for small objects 
and mostly non-ferrous 

The preparation of clectrotytic baths H. 
Richter (Galvano, 1960, 29, Jan., 19-23) The 
quality of the materials inoludine the water 
and the making up of cyanide baths and 
alkaline Zn and brass plating baths are con 
sidered 

Testing of protective coatings - metals 
V. E. Kirkendall (Corros. Techn., 1960, Feb., 
41-45; March, 88-91) This first article deals 
with the principles and application of newly- 
devel ype 1 indicator solution and electrolytic 
coatings for 
steel pipe, with the primary object of supplying 

character- 


his is trans 


The extract given covers ¢ 


conductance tests on protective 
comparative data on performance 
istics of tape-wrap coatings compared with 
coal-tar enamels and other coatings. In the 
second part, practical methods are described 
for obtaining laboratory data on the pertorm- 
ance of protective coatings, including plastic 
tape-wrap coatings apy lied to steel pipe. 

Testing plating durability: the copper- 
accelerated acetic acid test (i. L. Sukes ( Vet 
Fin., 1959, §7, Dec., 59-65) The development 
and application of the ¢ 
and its reliability discussed 

Tests of electrodeposits ((/ilvano, 1959, 28, 
Sept., 418-422) Chemical, metallographic 


magnetic exami 


188 test are described, 


and 


ti for thickness measure- 





ment are reviewed with a brief survey of US 
measuring devices. Etching methods are giver 
in some detail 


The testing and examination of electro- 
deposits, 11 R. Quarendon (Product Fin., 1960, 
Jan., 85-88) The measurement of lustre 
and brightness of electrodeposits is reviewed 
and a number of instruments for this purpose is 
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described. Part 3 (Feb., 91-96) 
techniques are reviewed. 

Rough surface aids bonding between dis- 
similar metals National Lead Co. (Jron Age, 

1959, 184, Nov. 5, 90-91) In the bi-metallic 
inte loc k bonding method described, cast iron 
is mechanically bonded to Al using a die- 
casting process. By the use of a rough cast-iron 
surface a bond is obtained which is said to 
resist high temp. and shear stresses.—A.G. 

A new economic method of treatment of 
Stainless steels prior to cadmium plating from 
conventional cyanide solutions L. Domnikov 
Plating, 1959, 46, May, 481-483) A new 
electroless method of preparing stainless steel 
surfaces for cyanide-bath Cd plating is des- 
cribed. This involves (1) an alkali-acid cleaning 
(2) treatment in 35% H,SO, (3) Ni flash in im- 
mersion bath (4) cyanide dip D.L.C.P. 

Aluminium bonded by diecasting process 
(Steel, 1959, 145, Nov. 30, 98-100) A technique 
for bonding Al to cast iron using a diecasting 
process is described. The iron casting only 
requires simple cleaning, and the Al is forced 
into the rough surface giving a ‘mechanical 
interlock’. A permanent stable joint 
tained, Examples of applications are: cast iron 
cylinder liners for Al engine blocks; cast iron 
brake liners for Al drums and wheels; Al —_ 
ing fins on cast iron piston sleeves. D.L.C.P. 

Thin metal strips for sheathing telephone 
communication cables H. N. Padowicz (Were 
Wire Prod., 1959, 34, — 1482-1485, 1548 
1550) The thin me tal strip components of the 
‘Alpeth’ and ‘Stalpeth’ telephone cables manu- 
factured by Western Electric Co. are des 
cribed. These cables dispense with load sheath- 
ing and incorporate Al and Al/steel strips res- 
pectively. The tec nan of soldering the steel 
strip is explained.-—-p.L.c.P. 

Sherardizing: a method of protecting ferrous 
metals A. Ek. Williams (Prod. Fin., 1960, 13, 
March, 54-60) The mixtures used, 
advantages and limitations of the method are 
discussed. 

Science for electroplaters. 53-Complex cyan- 
ide baths I.. Serota (Vet. Fin., 1959, 57. Dee., 
75-78) Bath composition, deposition mechan 
baths for Cu 


Glossmeter 


is ob- 


process, 


sm, and properties of cyanide 
plating are reviewed 

Metal spraying (et. Elect., 
85-90; March, 96 99) [In Spanish] The means 
of spraying, the composition and structure of 
the sprayed metals, and the mode of contact 
between coating and base metal are discussed. 
Typical applications are described and include 
corrosion protection and renovation of worn 
parts P.S 

“— spraying under protective atmospheres 
NV, Stanton (Eng. Digq., 1959, q OV., 
and other me tals in 


1959, 23, Feb., 


445 ais Spraving of iron 

yon and the 
eribed 

Contract metal spraying ©. A. Curson 
Elec pl. Met. Fin., 1960, 13, March, 91-94) 
A review of gritblasting and spraying with Zn, 
Al, and other metals, hard facing, and the use 
of automatic plant 

The economies of eg metallizing M. | 
Gilbert (Prec. Met. Mold., 1960, 18, Jan., 51 
53) A general account of the equip 
ment and tests 

The A-C resistance of a polarized stainless 
steel wire cathode ©. M. Schmid and N. 
Hackerman (J. Electrochem. Soc., 1960, 107, 
Feb., 142-143) An attempt to measure the 
growth of the oxide film is described 

Let phosphates reduce friction Pneumatic 
Seale Corp. (ron Age, 1959, 184, Oct. 29, 127) 
A brief deseription is given of the Endurian 
process which coats ma hit e parts with a com 
plex phosphate. This surface have 
excellent resistance to wear and corrosion an 
also to act as a lubricant A.G. 

Clean, phosphatize and paint metal parts in 
compact unit | Du Pont de Nemours & Co 
Tron Age, 1959, 184, Nov. 5, 87-89; Steel, 1959, 
145, Nov. 2, 76-77) The unit deseribed incor 
porates trichlorethylene cleaning and 
phatizing without the use of aqueous solutions 
and final painting. Advantag 
savings in cost and space, 
i the elimination of fire 
during painting. A.G. 

Phosphating, electropolishing and high-speed 
chromium plating in buffer production H. L 


structure produced are des- 


P rocess, 


is said to 


phos- 


es claimed include 
improved corrosion 


resistance, an hazard 
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Watts (Electr. Met. Fin., 1960, 13, Feb., 45-47) 
Cr plating of pistons is considered under the 
headings: hard-chromium plating conditions, 
plant, jigging, and cost savings.——-T.G. 

A new approach to vitreous enamelling 
(Product Fin., 1960, 13, Jan., 67-68) A low- 
pressure spray gun for spraying vitreous 
enamels is described. It is claimed that by 
spraying, considerable savings in the costs of 
finishing can be achieved.—T.«. 

The past, present and future developments of 
vitreous enamel as a finish I. J. MacArthur 
(Proc. Inst. Vitr. Enamellers, 1954 1957, 12, 
119-122) The development of vitreous enam 
elling in recent years, is outlined, its position 
compared with other finishes, and possibilities 
of improving technology are reviewed. 

Mechanization in enamelling: a symposium: 
pickling and pre-treatment J. Stack (Proc. 
Inst. Vitr. Enamellers, 1954-1957, 12, 123—125, 
129) An outline is given of mechanical develop 
ments used for chemical processes applied to 
sheet-steel articles prior to the application of 
vitreous enamel. 

Mechanization in enamelling: a symposium: 
drying and fusing 1. MacP. Lees (Proc. Inst. 
Vitr. Enamellers, 1954-1957, 12, 130-138). 

Some aspects of vitreous enamelling practice 
in Australia A. Rk Williams eA roc. Inst. Vitr. 
Enamellers, 1954, 1957-12, 23-26, 78) Develop 
ment of Australian practice, and typical con 
trol methods are reviewed. 

Curtain walling with vitreous omg steel 
sheet I. J. MacArthur (/nd. Fin., 1959, 11, 
Aug., 36-38) A description of the materials 
and technique. 

Vitreous enamel stops water corrosion in 
boilers J. F. Stevens (nd: Fin., 1959, 11, 
Nov., 30-31) Stewart Gray Ltd, have develop- 
ed a new vitreous enamel as a protective 
barrier on the cast iron of boiler waterways to 
resist the corrosive action of the water. The 
author describes the successful — of the 
enamel in boiler manufacture.—G 

New enamels for application to sheet iron A. 
Nicholls (Ind. Fin., 1959, 11, Aug., 38) Recent 
improved titania ” gelf-opacified cover coat 
enamels, manufactured by Metal Porcelains 
Ltd of Smethwick, give very thin coatings with 
satisfactory properties 

The establishment of standards of quality for 
vitreous-enamelled ware J. M. W _ enburg 
(Proc. Inst. Vitr. Enamellers, 1954-1957, 12, 
69-74) The practical usefulness of standards of 
quality in this field is discussed, and a method 
proposed for setting up quality standards and 
providing a suitable information 
detailed example is given. 

The development of opacity in white porcel- 
ain enamels A. I. Andrews (Proc. Inst. Vitr. 
Enamellers, 1954-1957, 12, 60-64, 100) Factors 
influencing opacity are discussed, the develop- 
ment of opacifying additions is outlined, and 
typical composition factors in the develop- 
ment of modern white opaque enamels are 
tabulated. 

An investigation into the effect of detergents 
on vitreous enamel Institute of Vitreous 
Enamellers Techn. Sub-Committee (Vitr. Bull., 
1960, 10, Feb., 285-292, 298) A 
simple testing method is proposed and nine 
proprietary preparations (named) and Na,CO, 
were examined and the results are tabulated. 
Good correlation was obtained by different 
observers and degree of corrosion is indicated 
In all cases the attack was progressive with 
time of immersion. 

Detergent resistance of enamels tested and 
improved F. G. Morriss (Ind. Fin., 1959, 11, 
Aug., 20 30) Types of test are compared, and 
the advantages of the ring method pointed out. 
Factors influencing resistance to detergent 
action are discussed; of these, increase in deter- 
gent temp. gives a marked increase in attack; 
other factors include mill additions, and firing 
time and temp. 

Assessment of costs A 
1959, 11, Aug., 31) 
economies may be 
enumerated 

Measurement of ae -sieve particle size in 
vitreous enamels J. Browne (Met. Fin. J., 

1960, 6, J an., 18-19, # The methods are listed 
and the Andreason pipette and hydrometer 
methods are regarded as practical and the 
latter is described : 


system; a 


discussion 293 


Biddulph Und. Fin., 
some which 


enamelling are 


wavs in 
made in 
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An account of de-enamelling practice in a 
French works M. me (Proc. Inst. Vitr. 
Enamellers, 1954, 1957 12, 75-78) A descrip- 
tion of the de-enamelling p lant at SOI 1, which 
uses fused NaOH. 

Temporary coatings for corrosion pesteetes 
D. H. Weatherley (Corr. Prev., 1959, 6, Sep 
36-40, 54) Strippable protective coatings od 
cocconiny methods are rey iewed, 

Organic finishes for metal, Vil B. M. Letsky 
(Product Fin., 1960, 13, Jan., 60-62) Roller- 
coating finishes on metal in the canning 
industry, a gold razor blade lacquer, and 
reverse roller-coating are dealt with.—7.G. 

—— coatings for sheet and strip metals 
E. . V. Sharpe (Sheet Met. Ind., 1960, 37, 
Fe - 97-100) Continuous coating is outlined 
and paint priming and finishing and the use of 
PVC are briefly discussed. 

Applications of plastic-coated steel sheet and 
Strip W. N. Jenkins (Sheet Met. Ind., 1960, 37, 
Feb., 89-96) Availability, fabrication, and 
uses are reviewed. 

Form decorated parts from coils J. J. Obrzut 
(Iron Age, 1959, 184, Oct. 15, 101-103) The 
method of produc tion of Miracoil, a pre- 
decorated steel strip protected by a trans- 
parent plastic coating, is described. Properties 
and applications are also discussed.—a.G. 

Combine plastics and metals for better 
products (/ron Age, 1959, 184, Nov. 5, 98-99) 
Some applications of plastic coated metals are 
discussed, including printed circuits, tin plate 
rolls, and ball-bearing retainers.—aA.G. 

Epoxy coating resists high gamma radiation: 
can be used on steel or concrete (at. Design 
Eng., 1960, §1, Feb., 9) An amine-cured epoxy 
coating is referred to, the resistance to y-Tays 
of test panels is mentioned. 

The manufacture and applications of PTFE- 
lined pipes and components J. Rk. Thierry 
(Corr. Prev. Control, 1960, 7, Jan., Supp. 
Eng., ii-v) The properties, fabrication 
methods, and performance are briefly re 
viewed with notes on uses 

Gogents a1? for steel drums Db. J. 58. 
Shaw, R. Logan, and H. B. Footner (Jnd. 
Fin., 1900, 12. Feb., 29-33) Recent research in 
the packaging field concentrated on 
achieving a working compromise between 
coating reliability and cost. Both external and 
internal coatings are considered, and the 
materials and methods used are discussed. 

Protective coatings for drain pipes and water 
mains V. M. Pishchev (Stal’,1960, (1), 62-66) An 
automatic production line for continuous coat 
ing is described. Petroleum bitumens are used, 
as the coal tar coatings so far employed are 
unsatisfactory in protective properties as well 
as toxic. The properties of tar and bitumen are 
compared and rates, temperatures, and air- 
of the coatin indicated. 

Protection of steel and other materials with 
hard and soft rubber H. Ziegner (Wire, 1959, 
(43), Oct., 136-138) Applications of hard 
rubber to the lining of pipes and other com- 
ponents for the chemical and electrical indus- 
tries are described, with some notes on tech- 
niques, and reference is made to the use of soft 
rubber where Ss required. 
A table is given showing the resistance of hard 


Corros. 


has 


cooling ys are 


abrasion resistance 


and soft rubber to various chemicals 

Protective organic paint coatings J. H. 
Ousbey (Corr. Prev. Control, 1960, 7, Jan., 26 
32, 44-45) A review of synthetic resin and sili 
cone vehicle paints. 

The production and application of pre- 
painted sheet and strip 1. R. Banks (Sheet Met. 
Ind., 1960, 37, Feb., 101-106) A typical strip- 
coating installation is outlined and methods of 
roller coating, baking, and recoiling are des- 
cribed. (Discussion of preceding three papers. 
106-112). 

— lead as a ponent tor aateorresive 
paints J . Caleutt (Corr. Pr 195 » Nov., 
34-38 With illustrations of structures 
protected w ith Pb. 

Rust ee through calcium ores 
pigment H. 1960, 7, 
Feb., 37-38) r eae and applications 
of calcium plumbate paint 
described. 

Marine paints and compositions-1 J. A. 
Zanfield (Corros. Prev., 1959, 6, June, 51—55) 
rhe main differences between the painting of 


ee ge 


Vesson (Corros echn 


as a primer are 





ships’ hulls and land structures are examined; 
this part deals with surface preparation, pre 
treatment, priming paints, and general con 
siderations in relation to finishing paints 
Flow-coat finishing * steel roof deck. I°. A 
Blount (Products Fin., 1960, 24, Jan., 20-26) 
Painting of the City Steel Co. roof 
deck sections and guard rails is described. 
Electric control of paint protection of metal 
L. Rivola (Wet. Ital., 1960, 52, Jan., 15-18 
The degree of protection afforded by paints 
can be measured using a square wave current 
The electric resistivity in relation to 
determined during gives a quanti 
tative measurement of the life of the paint 
The method can be applied in all the evelua 
tion tests for paints on metals such as salt 
spray, high humidity, and alternate and con 
tinuous imme 
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time 
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CLAD SHEET AND HARD FACING 


Nickel-clad steel and monel-clad_ steel 
(Wiggin Nickel Alloys, 1959, (51), 3-9) Proper 
ties of these clad sheets are given. 

Experience with the deposit welding of steel 
rolls of blooming-slabbing rolling mills by the 
— arc process H. Stoll (Stahl Eisen, 

1960, 80, April 14, 483-491) The 
are deposit welding of 
blooming-slabbing 


submerged 
worn steel rolls for 
rolling mills is described, 
the merits of high-wear-resistant deposits are 
stressed and the 
method is discussed. 
cess should be 


economic position of the 
The deposit-welding pro 
an economic proposition as long 
as the quality and particularly the service life 
of the present-day steel rolls are not materially 
improved.—T.«G. 

Restoration by facing of worn parts of a 
— S. Lundin (ESAB Rev., 1959, (1), 13 


‘improved steel resistance: Surface hardness 
increased (/nd. Fin., 1960, 12, Feb., 44-45) 
The chromizing process produces a stainless 
alloy surface layer as an integral part of a steel 
article. The Arkrom processes of carburizing 
are described and the characteristics of the 
surface layer are discussed. The 
characteristics of some 
shown graphically. —-G.F. 

Chromize bolts and tubing with gaseous 
compound G. Becker (Iron Age, 1959, 184, 
Nov. 19, 130-132) The process described for 
chromizing parts involves the use of a chrom 
ium halide gas. Factors affecting the suitability 
of the base material for chromizing are dis- 
cussed together with the properties of the coat- 
ing formed.—a.«a. 

Practical aspects of hard- -?—e plating 
C. F. Corfe (Electr. Met. Fin., 1960, 13, Feb 


48-52, 69) Among the 


hardness 
chromized steels are 


subjects discussed are 
hard-chromium plating of steel, including 
chromic and sulphuric acid etch, and moulding 
dies. The removal of magnetic particles from 
Cr plating solutions is mentioned. The major 
part of the paper deals with plating of non 
ferrous metals.— T.G. 

(Chromium sheet production) Kk. L. Samuel 
(Corr. Prev., 1959, 6. Nov., 44, 46) A letter. 
Questions No the Diocrom 
raised, 

Refractory metal facings for protection of 
metal surfaces subjected to repeated high tem- 
perature pulses A. Cohen and EF. Homer (Trans. 
ASME(D), 1959, 81, June, 197-202) The de 
velopment of a facing to withstand the high 
temp. which may be developed in the 
structure of a magnetron is described. An ana 
lytical determination of the temp. was made 
and experiments were conducted to verify the 
conclusions. Consequently, W-faced vanes 
were tried, and proved successful. Cu-impreg- 
nated W might prove durable 
material.—p.1L.c.P. 

Heat-plating: A new process for the deposi- 
tion of tungsten carbide and nickel and for 
hardfacing (Vet. Din. J., 1960, 6, Feb., 49-50, 
54) An account of the Pvro-tung (for WC) 
pyro-Plate for (Ni) and Nikl-Kase (hardening 
process) methods new used by Metallurgical 
Consultants Inc. 

Flame spraying for ceramic coatings (Ceram 
ics, 1959, 10, Nov., 12-13) An account of the 
ThermoSpray process. 

Ceramic coatings for use at high tempera- 
tures B. Zick (Proc. Inst. Vitreous Enamellers, 


process are 


resonant 


an even more 


1954-1957, 12, 65-68, 78 4 review of work 
carried out, particularly by US National 
Bureau of Standards, on the development of 
ceramic coatings on oe a 
coatings on mil 1 steels (b 
ings to pecs Aa de suppressio 
reflection, or thermal insulation in 
gh-temp. installations 


as heat-resistant 
as thin-laver coat 
prov ide 


POWDER METALLURGY 


Review of selected papers relating to new 
structural materiais developed by powder 
metallurgy (4 )-75224, 1955, Feb. 25, pp.29; 
from Nucl. Sci, Abs., 1959, 13, May 31, 1199) 
A review of selected papers 

The forming of complicated shapes by powder 
metallurgy slip casting H. H. Hausner (NYO 
8665, 1958, Aug., pp.20; from US Res. Rep., 
1959, 31, March 13, 179; no abstract 

Symposium on the preparation and charac- 
teristics of metal powders Sylvania Electric 
Products Inc. (7/1 D-5153, 1957, Mav, pp.194 
from US Res. Rep., 1959, 31, April 17, 274; No 
abstract) 

Powder metallurgy, Stainless steel-boron car- 
bide and zirconium-boron-carbide compacts, 
Progress report ?. G. Herold (AAPL-M 
JMC-—1, 1955, May, pp.29; from US Res. Re 
1959, 31, April 17, 273; No abstract 

Modified H-iron process produces metal 
powder Alan Wood Steel Co. (Steel, 1959, 145, 
Dec. 21, 94-96) Plant for producing iron pow 
der from seale or high grade ore is described. 
H, is produced by reaction between coke oven 
gas and Q,; raw materials are prepared by puri 
fication and grinding; reduction is carried out 
in three fluidized beds at up to 
1000°F. The product is then heated to high 
temp. in a non-oxidizing or reducing atmos 
phere and may be used for powder metallurgy 
or as melting stock D.L.C.P 

Recovery of iron powder by distillation of 
iron amalgam (. Jangg, G. Csizi, and H. Hohn 
(Z. Metallk., 1959, 50, Aug., 460-465) The 
method used to obtain a high quality iron 
powder from Fe amalgam, and the properties 
and testing of the powder are described. The 
process can be continuous, and the 
material is more suitable for sintering than 
electrolytic Fe powder 

Steel bonded carbide materials Chromalloy 
Corp. (Machinery, 1960, 96, March 9, 531) The 
Ferro-Tic S-45 and S-55 materials are des 
eribed which are machinable, resistant to heat 
and corrosion and have the hardness of TiC 

Powder metallurgy develops a new cutting 
tool a M. Ference, jun. (Prec, Met 
Vold., 1960, 18, Jan., 42) A composition with 
80” rit , 10°,Ni, and 10°,Mo has been de 
veloped and tool performance 
cated. 

Iron carbon system in powder metallurgy, 
og 1, Quality of iron powder and graphite 

Gummeson (Prec. Met. Mold., 1959, 17, 
Ah 56, 58, 59) Graphite quality is con 
sidered in particular. A table of the properties 
of sintered iron graphite compositions is given. 

Measurement of the average equivalent 
diameter of certain powders by means of the air 
permeability of the layer U. Ts. Andres 
Zavods. Lab., 1959, (11), 1399-1400) The 
article examines P. ¢ Carman’s (ASTM 
methods for pr wtical size 
determination in the range, NY, 1941) 
deductions and gives the theoretical basis for 
the determination. On the strength of experi 
ments carried out, the author recommends this 
method, for rapid ¢ determinations of the aver 
age equivalent diameter of magnetite, 
silicon, and baryta powders. 

ae of metallic powders Ya. . Geguzin 
and N, Ovcharenko (Fiz. Met. Metalloved., 
1959, ( o ), 38-44) The surface of the compacted 
copper powder objects annealed in an atmos 
phere of copper vapour, assumes an intricate 
contour consisting of macroscopic 
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500 psi and 


made 


data are indi 


symposium of neu 


subsieve 


ferro 


projections 
and depressions of about 100 p diameter, each 
of which is endowed with a rough surface. The 
main cause of the formation of these contours 
is the vaporization of the metal with the subse 
quent condensation of the 
surface of the specimen. 
Some mechanical requirements of plant for 
the roll-compacting process A. F. Marshall 
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Powder Met., 
survey with di 


loa is, lubrication, 


1960, (5), 24-31 \ t 
scussion of type of mill, 
and other factors 
Continuous compaction by cyclic pressing 
C. Deibel, D. R. Thornburg, and F. Emley 
Powder Met., 1960, (5), 32-44) A process for 
producing bars, wide and thick and of un 
limited length is investigated. Pressing, sinter 
ing, and subsequent working are studied 
Experiments with direct observation of the 
sintering process by high-temperature metallo- 
graphy ). B. Simonsen (Planseeber., 1960, 8, 
April, 2-13) The changes taking during 
sintering of « ypper powder were 
bserved in a high-temp. microscope. Ten 
uy to 
examination showed that sintering started at a 
large number of contact points, 


place 
oarse-grain cé 


oO 


juent miucro 


SSH were used. Subse 
thus forming 
ities which impede the progress of 
sintering. The experiments, including the hot 
stage microscope, are described in detail 

Present position of the powder metallurgical 
finishing of sintered iron mouldings and sinter- 
ed metal bearings | friiggemann and G. 
Unger (Neue Hitte, 1960, 5, Feb., 118-121) 
Processes used and types of product in the 
powder metallurgical section of VEB 
ind Hittenwerke Thale are outlined. 

Automatic control of endothermic sintering 
atmospheres (. F. Sommer (Metal Powder Ind 
Fed., 15th innual Meeting, 1959, 41-48) 
Furnaces for compact sintering are considered 

Fundamentals of sintering, 111: Third Annual 
progress report for June 30, 1957 to June 30, 
1958 A. L. Pranatis (SEP-250, 1958, June, 
pp.28; from US Res. Rep., 1959, 31, March 13, 
179; No abstract) 

The continuous sintering of copper 
steel P. G Forrester and J. K Beddow 
(Powder Met., 1960, (5), 149-154) Bimetal 
strip is produced by sintering uncompacted 
powder to the steel, compacting by rolling, and 
resintering. The mechanism of the 


pores Or Cay 


Kisen- 


process 1s 
discussed. 

Sintered stainless steel, |: the influence of 
alloy composition upon compacting and sinter- 
ing behaviour, 11: the properties of stainless 
steel powders sintered in dissociated ammonia 
R. L. Sands and J. F. Watkinson (Powder 
Vet., 1960, (5), 85-104; 105-115) Six stainless 
steel powders of different compositions were 
com pat ted 


ditions 


under 
Compositions selected from the first 
series of trials were treated under 
simulating industrial practice and the proper 
ties of the products are given 

Effect of powder particle size on the grain 
size of the sintered material H. H. Hausner and 
R. King (Planseeber., 1960, 8, April, 28-36 
Grain growth in the sintering of metal powder 
compacts is determined by the temp. and time 
of sintering. The rate of growth is, 
delayed by the pores between the 
formed by the sintered grains. The 
studied the changes which the 
during sintering T.G 

Processes in the compacting of metal powders 
to complicated parts H. Silbereisen ( Planseeber, 
1959, 7, Aug., 67-78) It is pointed out that 
purely theoretical considerations are not of 
much help in discussing these processes, which 
must be followed by practi ‘ 


and sintered various con 


conditions 


grain how 


ever, bridges 
authors 


pores undergo 


al trials. Causes of 
eracking and exfoliation are 
the various 


considered, and 
tages in compacting simple and 
complicated parts are studied by examples 
Infiltration of iron powder with tin lead alloy 
Kimura (Planseeber, 1959, 7, Aug., 50-66 
The mechanical properties were examined of 
synthetic alloys produced by the infiltration of 
spherical close-packed 
matrix, carbonyl iron, 
solder being used. The infiltration process was 
followed quantitatively dilatometer. 
Gases adsorbed on the Fe powder surface were 
found to be the main factor inhibiting infiltra 
tion. The 
cussed. 
Nickel iron magnetic strip by metal powder 
rolling W. M. Hubbard, J. F. Haben, and E 
Adams (NAVORD Rept. No.6257; PB 140384, 
1959, Jan., pp US Res. Rep., 1959, 32, 
Aug. 14, 238 
Study of sintering of carbonyl iron by electro- 
chemical potential 8. Bovarnick 
1959, 7, Aug., 34-50) The 


powders with a soft 
and a 50° Pb 50°S8Sn 


with a 


mechanism of infiltration is dis 
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potential was measured of carbonyl iron 
pressed from 5-0 g ml to 6-5 g/ml and sintered 
from 800 to 1200°C for various periods from 
4-8 h. Values obtained were 720 mV for all un- 
sintered specimens and 750 mV for lightly to 
620 mV for severely sintered samples, corres 
ponding tensile strengths varying from 10000 
30000 Ib/in®. An expression was derived relat- 
ing electrochemical potential to tensile 
strength (22 refs). 

How fibres are spun from metal melts (Steel, 
1960, 147. Jan. 11, 74-76) Information from 
patent literature on recent developments in 
methods of making metal ‘fibres’ is presented. 
These methods employ synthetic textile tech- 
niques, i.e. extrusion or casting from liquid. 
Molten metal is forced through apertures and 
the stream cooled in various ways, @.g. On a 
rotating cup, on a continuous belt, or in a gas 
stream; the conditions can be adjusted to give 
various shapes, sizes, and forms of product. 
Material may be from a wide range of ferrous 
or non-ferrous alloys, or may be bi-metallic. 
Potential applications of the products are in 
filters, diffusers, mixers, flame barriers, 
battery plates, or structural] uses.—D.L.c.P. 


FERRITES, CERMETS, AND 
CARBIDES 


Chromium carbide as a basis for hard metals 
aarias special properties V. V. Grigor’eva, 
N. Klimenko, and Ya. T. Kosolapova 

4 oprosy Porosk, Metallurgit i Prochnosti 
Materialov: published by Ukrainian Academy of 
Kiev, 1958; 79-89) Properties ot 
known Cr carbides are enumerated and com 
pared with those of other metal carbides, and 
the production, properties, and possible 
applications of Cr,C, are described (11 refs). 

On the specific heat of MnZn- and NiZn- 
ferrite between 20 C and 350 CJ. L. Verhaeghe, 
G. G. Robbrecht, and W. M. Bruynooghe 
ippl. Sci. Res., 1960, 8B, (2), 128-134). 

Magnetic properties of nickel iron ferrite 
N. Menyuk and K. Dwight (J. Appl. Phys., 
1959, 30, April, 36s-37s). 

Phase diagram of the system BaO Fe, 20; 


Goto and T. Takada (J. Amer. Ceram. Soc. 


Scvencea, 


1960, 43. March, 150-153). 
The a a ge behaviour of pure 


nickel _— L. oy and H,. Clow 
Phys. Soc., 1960, 76, Jan., 17-23). 

The influence of Fe,0 ,-materials on the pro- 
duction of Mn Mg ferrites A. Bergstein, M. 
Rozsival, and M. Mikulaé’ (Silikaty, 1960, 4, 
1), 60-65). 

Diffusion lag in nickel-zinc ferrites rich in 
iron A. Marais and T. Merceron (Compt. Rend., 
1959, 249, Dec. 9, 2511-2513) Permeability and 
loss factor three bands between liquid 
N, temp. and the Curie point. Mechanisms are 
indicated, 

5 eg renner experiments in Mn, . 
0, T. J. Mateovich and C Kriessman (J. 
Apt Phys., 1959, 30, Ay vril, 26s—27s). 

Resolution of the ambiguity of valence states 
in spinels containing manganese and iron A. 
Miller (Phys. Rev., 1959, 116, Dec. 15, 1481 
1482). 

Magnetic properties and grain structure of 
Mn-Zn ferrites W. Heister (J. Appl. Phys., 
1959, 30, April, 225-245) Relations between 
sintering temp., grain size, and rgnetic 
properties leading to very low-loss materials 
are reported 

Metal ceramic mixtures P. Murray (Powder 
Met., 1960, (5), 64-80) A review of the proper- 
ties and possibilities of oxide carbide 
cermets 

The question of the structure stability of 
cermet materials . a basis ~ — carbide 
B. Cech (Silikaty, 1960, 4, 9) 


(Proce. 


show 


«Fe, x 


and 


PROPERTIES AND TESTS 


Multichannel photoelectric scanning instru- 
ment for sizing microscopic particles 1}. bs. 
Morgan and E. W. Mever (.J. Sci. Instr., 1959, 
36, Dec., 492-501) Coal particles dispersed on 
a microscope slide are counted down to 1°5 yu 
agreeing within 15%, with visual counts. S 
of Al,O, particles (5-20 4) were also deter- 
mined, and numbers of 1-5 y particles on a 
thermal precipitator slide. 

An apparatus for the rapid determination of 
grain size and structural analysis of fine- 


iZeé8 


greece preparations H. F. Fischmeister and 

EK. Moller (Z. Metallk., 1959, 50, Aug., 478 
50) An instrument is dese ribed, with the help 
of which grain size measurements and grain 
structure analysis can be carried out. Measure 
ments are carried out by a photoelectric pulse 
transmitter. The equipment can be used with 
reflecting and ordinary microscopes. 

Some problems we meet L. H. Dawtrey (Inst. 
Mech. Eng. Autom. Div., preprint, 1959, Oct., 
3-19) Metallurgical problems of automobile 
design and various testing methods for fatigue, 
impact, and service simulation of various com- 
ponents are considered. 

The physical metallurgy of 12°, 
steels K. J. Irvine et al. (JISI, 
Aug., 386-405) [This issue] 

Effect of structure on mechanical properties 
and ductility of aluminium-killed steel V. 
Chirkin and B. K. Barzii (Stal’, 1960, (1), 74 
77) Experimental pwnd of rimming steel 
melted in a 200-t OH furnace and deoxidized 
with Al were rolled with | or without water 
spray cooling and annealed. The cooled sheets 
showed a pancake-like grain structure while 
the uncooled sheets had the normal equiaxial 
ferrite grain structure. The effect is explained 
by the state of the AIN. On pressing, the former 
type with flattened markedly 
superior and the | nded 

Metallurgy of mine roof supports (Nut. Coal 
Board Sci. Bull., 1958, Autumn, (7), 14-19) 
Roof bar sirength, brittle fracture, metal struc- 
ture, and testing are briefly reviewed. 

Fulmer Research Institute (\/et. Treatment, 
1959, 26, Oct., 381—389) A description is given 
of the current investigations and equipment 
available in the establishment.—a. D.H 

Dept. of mining and metallurgical engineer- 
ing T. A. Read (Univ. Illinois Bull., 1959, 56, 
June, (72), 73-83) A review of engineering 
research at the University 1957-1958. Diffu 
sion in metals, anelasticity in metals and 
alloys, radiation damage, alloying behaviour of 
transition elements, diffusionless phase trans- 
formations, interface and film studies, criteria 
for cathodic protection, energy absorption of 
tempered martensitic structure in base and 
weld metal, hydrogen embrittlement studies of 
steel under cathodic protection, heat-treat- 
ment of ductile cast iron, effect of heat treat- 
ment and chemistry on properties of low densi 
ty iron sinterings, fatigue strength of 
pearlitic malleable iron and other topics of 
research are briefly outlined. 

Standard for inspecting stern frames of cast 
steel (tentative) Y. Yokoyama (Jmono, 1959, 
31, Oct., 1025-1030) [In Japanese] 

Putting together of the results of Belgian 
researches on the correlation between size and 
physical properties of grey cast iron A. de Sy 
and J. van Eeghem (Fond. Belge, 1960, 30, 
Feb., 38-43) Large and small bars were cast by 
methods shown. Hardness was correlated with 
various other factors and also tensile proper- 
ties. 

Developments in research techniques used in 
physical metallurgy in the United Kingdom 
G. A. Geach (Jernkont. Ann., 1959, 143, (12), 
789-809) A lecture given at the meeting of 
Svenska Metallografférbundet on 22 May 1959, 
and dealing with the following topics: work at 
the temperature of liquid He, creep under 
constant shear stress, hardness testing at high 
temperatures, direct observation of disloca- 
tions, X-ray microanalysis, and applications 
of are and electron bombardment heating. 

Methods of determining surface roughness 

a Testerman (WADC Techn. Rep., 58 
230; AD-155828; PB 151268, 1958, June, 
pp-42; from US Techn. Rep., 1959, 31, March 
13, 166) Twelve methods are mentioned and 
the capacitance method is examined. Measure- 
ments on specimens coated with monomolecu- 
lar films were not reproducible but polarization 
capacitance is aqueous solution was. Steel and 
other metals gave consistent values by the 
bridge method. Formamide and vinyl cyanide 
were not satisfactory. Preliminary studies on 
a tracer method were made. 

Roughness measurement on cold-worked 
surfaces W. Lueg and U. Krause (Stahl Hisen, 
1960, 80, March 17, 325-336) The roughness of 
cold-worked, i.e. rolled and drawn, surfaces 
was measured by stylus instruments and the 
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results are presented in roughness-distribution 
curves. The difference in the appearance of the 
curves for the two types of surface is discussed 
and the reasons for it explained. Difficulties in 
obtaining identical values in roughness measure- 
ment when using apparatus made by different 
manufacturers on different principles are 
pointed out and attempts are reported to 
induce the manufacturers to build instruments 
that show results of the same magnitude when 
used on the same surface. It was also found 
that photometric methods for a determination 
of surface roughness are unsuitable. The paper 
is followed by a long and lively discussion on 
the principles of surface-roughness measure- 
ment (22 refs). 

Modulus of elasticity and damping capacity of 
grey cast iron E. Plénard (Gjuteriet, 1959, 49. 
(8), 207-209) Methods of determining the 
modulus are outlined, and the effect of graph- 
ite structure on the modulus and damping 
capacity are discussed. (The article is based on 
the publication by the author: ‘Considerations 
on the modulus of elasticity and damping 
capacity of grey cast iron’, Centre Technique 
des Industries de la Fonderie, Paris 

The evaluation of internal stresses 1. 
Houdremont and H. Scholl (Z. Metallk., 1959, 
50, Sept., 503-511) The generation of first and 
second type internal stresses is described, and 
methods of determining stresses are reviewed 
and examples are given to show the effects on 
physical and mechanical properties. Although 
a condition of internal stress cannot completely 
and satisfactorily be determined by 
destructive methods, the influence of certain 
stresses can often be estimated theoretically 

Plastic deformation and the atomic lattice 
J. Orland (Met. Elect., 1956, 20, Aug., 45-56; 
Sept., 53-62; Oct., 46-55) In Spanish} 
Modern theories of plastic deformation are 
reviewed (14 refs).—P.s. 

Internal stresses in quenched steels H. 
Borchers and A. Safferling (Stahl Eisen, 1960, 
80, April 14, 541-546) This is a résumé of the 
thesis by the author. The internal 
stresses present in samples of steel after quen- 
ching can be attributed to thermal stresses and 
to stresses as a result of phase transformations 
taking place during quenching. The effect of 
these stresses are discussed in the light of 
recent publications, and the reasons given why 
quenching in a salt bath appreciably reduces 
internal stresses.——T.G. 

A replica technique for measuring static 
strains V. M. Hickson (J. Mech. Eng. Sci., 
1959, 1, Sept., 171-183) A method measuring 
displacement of surface scratches is described. 

Stress anisotropy in Ni-Fe thin films J. D. 
Blades (J. 1 ppl. Phys., 1959, 30, April, 2605 
2615). 

Investigations on the validity of an a 
theory of plastic flow for rolled mild steels © 
Avery, T. E. Tietz, and J. E. Dorn tart. 
36854; PB 139622, 1947, Dec., pp.55; from US 
Res. Re Ps 1959, 31, June 12, 469) Tensile and 
bulging tests showed the steel to be anisotropic 
which appeared to be planar as the curves were 
practically identical at 0°, 45°, and 90° to the 
rolling direction. The assumption that general- 
ized flow stress is a function of plastic strain 
energy for complete three-dimensional isotropy 
gave fair agreement. 

Numerical value of the uniform and the con- 
centrated plasticity of steel under tension V. I. 
Egiz (Zavods. Lab., 1959, (12), 1486-1491) 
Under tension, plastic deformation is made up 
of two main factors, the uniform flow and the 
concentrated deformation. Hence total defor- 
mation depends on the values and ratios of 
these two components. In a large number of 
experiments a preferential connexion has been 
discovered between relative elongation and 
reduction of area, corresponding to the macro- 
and micro-structure of steel. It is also pointed 
out that the elucidation of plastic character- 
istics depends to a large extent on the ap- 
proach of the investigator to the problems, for 
example, if he has to study the composition of 
an alloy, methods of production and the 
behaviour of the metal under tests for fracture, 
the chief role is played by the macrostructure 
and therefore the principal index will be given 
by the reduction of area. 

Dimensional springback of steel bars after 


non 


second 





drawing and pushing-in W. Lueg and 0. 
Pawelski (Stahl Eisen, 1960, 80, March 17, 
343-350) The authors review the mechanisms 
involved in the dimensional springback of 
steel bars after drawing and pushing-in and 
report their own experiments on the subject in 
which they found that the formulae 
the calculation of the dimensional 
generally give values that are too large. They 
propose a new formula which gives more 
realistic values under certain conditions which 
are stated, The 
springback and 
studied.—T.«. 

National and international aspects of stress 
analysis M. L. Meyer (Engineer, 1960, 209. 
Jan. 15, 90-93) An account of the Delft con- 
ference. Bodies in various countries engaged on 
research are referred to and items discussed are 
briefly reviewed and illustrated. 

Damping capacity its measurement and 
significance J. W. Jensen (US Bur. Mines, 
Rept. Invest., 5441, 1959, pp.46 Theory, 
measurement, instrumentation, and interpre 
tation are reviewed (160 refs). 

The nature of internal friction in oneeas 
and annealed steel M. A. Krishtal and 8. 
Golovin (Fiz. Met. Metalloved., 1959, (2), 04 
301) Quenched and annealed steels with 0-71 
and 0-92°.C were investigated. Maximum fric 
tion is noticed between 228 and 255. It falls 
with increasing annealing temp. and diminish 
ing carbon content. The peaks increase nearly 
linearly with increasing residual austenite in 
the quenched steel, also with increasing 
content. Calculation of the diffusion coeffi- 
cients and of the activation energy have proved 
that internal friction is related to the 
diffusion in the residual austenite. 

The nature of the relative damping of oscilla- 
tions in quenched and low annealed steels M. A 
Krishtal and 8. A. Golovin (Fiz. Met. Metal 
loved., 1959, (2), 302-308) Investigations were 
carried out on 50A and U7A steels, respectively 
0-49 and 0-70°,C after single and two-fold 
quenching, and after heat treatment at 196 
and at higher temp. These have shown that the 
relative damping is related to the presence of 
the residual austenite and its decay products 
during the anneal. With a large C content 
(U7A) under high stress, the relative damping 
of oscillations is reduced, 4 st cond quene hing 
diminishes the property of these steels to 
extinguish these vibrations. 

Effect of internal deformation on the internal 
friction of the iron-tungsten alloy \. 5 
Postnikov and R. 8S. Lebedev (Fiz. Met 
Metalloved., 1959, 1), 95-102) The experi- 
mental results confirm the conclusion that 
internal friction at high temp. may serve as a 
special indication of the strength of the alloy 
The alloy is the more heat-resistant the less its 
internal friction. This condition is inescapable 
as has been shown by many investigators, but 
it is not yet sufficiently understood so that its 
explanation is not yet given 

Effect of plastic deformation on the internal 
friction of iron and of iron nickel alloy Kk. S. 
Lebedev and V. 8S. Postnikov (Fiz. Met. 
Metalloved., 1959, (2), 310-314) Investigations 
were carried out as described previously (pre- 
ceding abstract) but at a high rate of heating, 
i.e. 6° /min. The results obtained with electro 
lytic iron after reductions of 8; 17; 30; 47; 70; 
and 92%, and on Fe Ni alloy (Armeo+ 4%,Ni 
reduced between 20 to 80°, are tabulated. It 
may be deduced from these data that the 
reduction in the internal friction in pure 
metals and alloys is not due to diffusion but to 
other causes. Regarding the dislocation mech- 
anism of the there are not yet suffi- 
cient data available to justify definite conclu 
sions. 

The effect of deformation on the internal 
friction of iron measured at the carbon peak 
position F. W. C. Boswell (Canad. J. Phys., 
1959, 37, Dec., 1474-1481) A time law is 
followed predictabie from carbon segregation 
to dislocations. The amount of C in random 
solid solution is increased by deformation, 
some derived from carbide. 

Methods and results of the measurement of 
internal friction in steels and non-ferrous 
metals H. J. Seemann (Jnst. Hierro Acero, 
1959, 12. Oct.—Dec., 295-309) In a review of 
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process, 


the results of investigations of internal friction 
of metals, the Snoek experiments are described 
in detail. Experimental methods developed in 
the author’s laboratories are described and 
results obtained in tests on Al and Al alloys 
are discussed (19 refs).-—P.s. 

Temperature relation between internal fric- 
tion and the elastic constants of pure iron \. \i 
Amonenko, B. I. Shapoval, and V. V. Lebedev 
(Fiz. Met. Metalloved., 1959, (: 249-254) The 
relation for pure iron (99-99 
that for other metals but the 
for all temp. investigated are higher by a small 
factor than for Armco iron. Not all the carbon 
contained in the pure iron is present in the 
Between 20 and 700° there 
exists an almost linear relation between the 
modulus of elasticity and the shear modulus. 

The effect of impurities on the electron 
density of metals, 11 Eh. Daniel (J. Phys 
Radium, 1959, 20, Nov., 849-859). 

A few topics of dislocation A. Ookawa (Metal 
Phys., 1959, 5, Nov., 223-231) [In Japanese 
A review with captions in English. 

Dislocation-locking by carbon. nitrogen and 
boron in «-iron I. Codd and N. J. Petch (Phil 
Mag., 1960, 5, Jan., 30-42) Pure 
heated in wet H, till C and N were removed as 
shown by vir ld-point suppression and C was 
replaced giving nitrogen-free steels with 
0-2-0-26 and 0-09-0-12°,C and 0-47° Mn 
Replacement of 0-008 and 0-013°,N in the 
carburized steels was also carried out. The 
locking by C and N was compared and also B 
was used. Boron locking is stronger than that 
of N, which in turn, unexpectedly, is greater 
than that of C. The ductile-brittle transition 
temp. is raised by the stronger locking. 

Calculation of the cohesive energy of metallic 
iron F. Stern (Phys. Rev., 1959, 116. Dec. 15, 
1399-1417) The calculation is made for the 
body-centred cubic structure in the singlet 
spin state at OK. 

The vapour pressure of inorganic substances, 
Vil: tron between 1356 K and 1519°K and 
cobalt betweeen 1363°K and 1522 K J. W. 
Edwards, H. L. Johnston, and W. E. Ditmars 
(TR-281-9; ATI-107836; PB 143212, 1951, 
March 21, pp.16; from US Res. Rep., 1959, 32, 
Dec. 11, 683) Heats of sublimation are calcu 
lated. The accommodation coeflicient is unity. 

Vacuum distillation of metals with their con- 
densation on heated surfaces V. M. Amonenko, 
B. M. Vasvutinskii, V. V. Lebedev, and B. I 
Shapoval (Fiz. Met. Metalloved., 1959, (6), 
862-867) By the vacuum distillation described 
and by the condensation on a heated surface it 
is possible to obtain, after a first distillation, 
an iron of 99-98%, purity. A second distillation 
reduces the total impurities to 0-01°,, Fe-Mn 
can be obtained 99-96°, pure with a yield of 
about 80°, of the metal contained in the alloy 

The influence of additions on the activity of 
carbon in liquid iron alloys H. Schenck (Lev 
Wét., 1960, 57, Jan., 3-11) The influence of Si 
on the activity of C in low-C alloys is examined, 
and the investigation is extended to high- 
alloys. The coefticient of activity of C and the 
coefticients of interaction of a large number of 
alloving constituents with the variation of C 
concentration at saturation are determined, 
and the relations between these coefticients of 
interaction and the position of the elements in 


») is similar to 
absolute values 


solid solution. 


iron was 


the periodic classification is shown 

The solid solubilities of iron and nickel in 
beryllium S. H. Gelles (N.MJ-1207, 1958, July, 
pp.35; from US Res. Rep., 1959, 31, April 17, 
273; no abstract 

The lattice constants of the body-centred 
cubic phases FeTi, CoTi, and NiTi H. P. Stiiwe 
and Y. Shimomura (Z. Metallk., 1960, §1, 
March, 180-181) The lattice constants in the 
system Ti with Fe, Co, and Ni were determined 
up to the intermetallic compounds FeTi, CoTi, 
and NiTi, after quenching from 1000°C. The 
lattice constants and their change with compo- 
sition are given in a diagram.—tT.G 

Structure of the energy spectrum of the elec- 
trons of the Fe Cr and Fe Cr-Ni alloys N. LD 
Borisov and V. V. Nemoshkalenko (Fiz. Met 
Metalloved., 1959, (2), 211-215) This work 
studies the changes in the structure of the 
energy spectrum of the electrons of the 
‘external’ strips of Fe—Cr alloys by the partial 


changes in the percentage of the alloy com 
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ponent and « data are 
tabulated 

Thermodynamics and formulation of reac- 
tions involving imperfections in solids F. A 
Kroger, F. H. Stieltjes, and H. J. Vink 
Philips Res. Rez 1959, 14, Dee., 557-601) 
rhe Schottky system of amount-of-substance 
variables refers to | 


f Ni, and in temp. The 


uilding units and can be 
associated with thermodynamic potentials and 
[he system of Wagner 


structure elements and 


phase rule components 
and others refers to 
thermodynamic potentials cannot be assigned; 
r by introducing virtual potentials they 
allow a treatment often more convenient than 
the former isorder are for- 
mulated, 

On topotaxy J. D. Bernal (Schweiz. Arch., 

1960, 26, Feb., 69-75) [In English] The trans- 
formation of one crystal form into another of 
different e vut a large alteration 

the axial direction has been called topotaxy 
by Gorter. It is claimed that topotaxy is very 
widespread and may even be the 


howeve 


Various types of d 


omposition with 


most com- 
solid 
ations involved 
iron oxides and hydrates, 


transformations are discussed 


mon mechanism of transformation in the 
state. The structural transfor 
in rusting, i.e. the 
and the ferrite 
at some length (19 refs 

New means of tensile testing A. E-pprecht 
Schwei irch., 1960, 26, Fe b 55-59 The 
author describes the Drage-Multitest tensile 
testing which the deformation 
speed is load-independent rhis 
apparatus is used in conjunction with an 
directly plots a 
A feature of this little instrument 
is that the stress/strain curve can ae plotted at 
various amplifications, e.g. at the be ginning at 
500 and later at 5 dithousths primarily 
deve loped for the testing of plastics, it may also 
be used for testing metals, and as an 


machine in 
and constant 


extensometer which stress 


strain curve. 


example 
the stress/strain curve of a steel is shown T.G. 

Design for an autographically recording 
ey machine M. A. Adams (J. Sci. Instr., 
1959, 36, Oct., 444-446) A design for dry-box 
or hot-cell work is described 

Elastic limit of AP shot steels as a function of 
tempering temperature ©. M. Carman (PB 
135532, 1957, Oct., pp.19; from US Rea. Rep., 
1959, 31, March 13, 164) The elastic limit of 
98 V65, 4160, and Mn-Mo armour-piercing 
shot steels was measured. The two former show 
a max. after tempering at 500-700°F and the 
latter at 800°F 

Tensile tester of revolutionary design de- 
veloped for the wire industry |). ©. Scott jun 
(Were Wire Prod 1959, 34, June, 704-705) 
The ‘CRE’ tensile tester it has 
been designed for routine search 
work on bare 


is described; 
testing and re 
and insulated wire, and cable 
Precise yet 
evaluations are 


components simple stress-strain 
possible by the inertia- 
constant-rate-o! -exten- 
sion method used D.L.C.P 

Application of induction heating to short- 
time elevated temperature tensile testing A. P. 
Levitt and A. G. Martin (PB 151848; 1959, 
June, pp.16) The equipment and operation are 
described 


made 


less, electric weighing, 


The application is non-ferrous. 

Serrations in the stress/strain curve of cold- 
worked 301 stainless steel at 20 K J. F. Watson 
and J. L. Christian (J7S7, 1960, 195, Aug., 439) 
This issu¢ 

Destructive testing for quety contro! in 
weldments K. FE. Lismer (Brit. Weld. J., 1959, 
6, Oct., 439 442) The tensile, bend, and impact 
test methods are briefly discussed. More stress 
on the right choice of electrodes and the 
necessary electrodes and 


is laid 
analysis control of 
their deposits. U.E. 

Strength of metals; suggested claceieations 
for steels and other alloys G. F. Lee (Iron Steel, 
1960, 33, Jan., 9-10) Classification “tind on 
proof stress and form of the material whether 
as-cast or in finished or semi-finished state, 
etc. is considered 

Effect of specimen taper on determination of 
elongation in the tension test . 5. Kula and 
F. R. Larson (ASTM Bulletin, 1959, (238), 
May, 58-61) It is shown that the | difference 
in diameter permitted in the ASTM standards 
for round tensile specimens can lead to differ- 
ences in local strain of 

The notch ductility and tone poate of 
some synthetic mild steels A. . Sage and 


~s 3) 
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F. E. L. Copley 
438) | This issue 

The experimental determination of the stress 
conditions in the adhesives layer of overlapped 
metal junctions A. Matting and K. F. Hahn (Z. 
Vetallk., 1959, 50, Sept., 528-533) Experi- 
ments on six metal adhesives of different com- 
position showed that the stress-strain charac 
teristic is non-linear, and that results caleu 
lated on the assumption that Hooke’s law is 
obeyed are too high. Stress distribution in the 
adhesive layer of overlapping junctions is 
and it is shown that the creep pro 
influenced by relaxation in fatigue 


(JIST, 1960, 195, Aug., 422- 


examined, 
cess is 
tested specimens. 

Triaxial tension at the head of 
running crack in a plate J. M. Frankland (J. 
Appl. Mech., 1959, 26, Dec., 570-576). 

A quality index for structural steels M. Baj 
(Met. Ital., 195$ 51, Dec., 557-564) After 
examining metha@ls proposed for establishing a 
quality index for structural steels a system is 
described based on the tensile strength/impact 
ratio with special reference to the transverse 
test. This index is useful for evaluating steel 
heats but can only with difficulty be used to 
evaluate finished steel products. Similar meth 
ods can be 


rapidly 


used to establish other quality 
indices, e.g. a brittleness index and a low temp. 
index. It is concluded that the quality index is 
significant enough to be of assistance to the 
steel melter in controlling the heat. 

The effect of the length of tubular steel speci- 
mens on deformation and tensile stresses L.. G 
Afendik, and L. I. Shekhter (Fiz. Met. Metal- 
loved., 1958, (1), 85-89) The findings in the 
investigations of deformation and stress in the 
waist of loaded tubular specimens of different 
lengths point to an appreciable influence of the 
ratio of the length to the average dia. where 
this ratio is small. If the main radial and circu- 
lar stresses are 6,, 5r, 5g and the corresponding 
logarithmic characteristics of deformation 
2, &r, and eg the deformation components most 
susceptible to the ratio of length to dia. are 
the e-, @,, and 59 and also the meridional curva- 
ture of the internal surface. With a sufficiently 
large ratio of length to dia. the influence of this 
factor decreases. Hence, only in cases of suffi- 
ciently long tubular specimens is it possible to 
talk of reliable testing results. Furthermore 
the ratio between the thickness of the walls and 
the average diameter also exerts an influence 
which has been noted earlier (ibid., 1956, 
538). 

The effect of hydriding on the deformation 

rocesses of steel and on its mechanical proper- 
jes G. V. Karpenko and R. I. Kripyakevich 
(Fiz. Met. Metalloved., 1959, (1), 90-94) The 
effect of hydriding (by a galvanic process) on 
mild steel during its deformation under tension 
is a reduction of the plasticity indices y% and 6 
and of the true breaking strength. The UTS 
and yield-point remain unchanged. This effect 
depends on the intensity of the galvanic cur- 
rents. The fracture under tension in the cath 
ode polarized specimens occurs mainly along 
the planes of maximum tangential stresses 
(along the lines of displacement) 

Recording the deformation of steel specimens 
on the flow surface by oscillograph &. I. 
Brainin (Zavods. Lab., 1959, (11), 1366-1368) 
Spherical and flat specimens of 20 and St3 
steels tested under loads in a 
IMR-—12 machine at a rate of 2 mm/min. Pre- 
liminary tests have shown that critical defor- 
mation corresponding to the edge of the flow 
surface amounted to 2-5°,, for the circular and 
to 0-2%, for the flat specimens. The rapid de 
formation was measured with a special micro 
tensometer. Differential oscillographs are given 
for different conditions of deformation. 

A note on yield point or yield stress in mall- 
eable cast iron ©. T. Moore (BCIRA J. Res. 
Dev., 1959, 7, Dec., 863-866) It is shown that it 
is appropriate to quote either proof or set 
stress values to define the change from elastic 
to plastic deformation occurring in the tensile 
test of malleable cast iron.—D.L.c.P. 

Deformation capacity and fracture of plain 
steels in biaxial stress at low temperatures A. 
Krisch (Arch. Eisenh., 1960, 31, Feb., 113-119) 
Cube-like test pieces of various steels in the 
normalized and aged conditions were subjected 
to internal pressure and 


» 
(=), 


were static 


simultaneously to 


tensile stress at 20, 30, and 70°C. In 
comparison with tensile tests it was found that 
in biaxially stressed samples ultimate tensile 
stress was in only two cases higher at the lower 
temperatures, in all other cases, i.e. nine fur- 
ther steels, typical embrittlement phenomena 
were observed at the lower temp. which were, 
however, not found in pure tensile tests (24 
refs). T.G. 

The mechanical properties of rolled and ont 
austenitic 18:8 chromium-nickel steels at 
and - 180°C. Part | H. Schumann roan 
1960, 15, April, 272-276) Using five 18:8-type 
austenitic stee actually containing 9-5 
13-1°,Ni with and without stabilization by 
Ti or Nb+Ta, a study of the effect of heat- 
treatment on the mechanical properties such 
as tensile strength and notch-impact toughness 
in the rolled and cast condition at 20 and 

180°C was made. The effect of 8-ferrite on 
ductility at very low temp. was included in the 
studies. The results of the mechanical tests are 
presented in tables.—t.G. 

The effect of weight on the susceptibility of 
1-2 Kh 13 steel ingots to fine cracks Ic. G. 
Fedorinova, G. 8. Chernyak, I. N. Bystrikova, 
and M. 1. Vinograd (Stal’, 1960, (1), 77-79) The 
cracks were found to be non-metallic inclu- 
sions drawn out into threads. Tests with ingots 
of five shapes are described and the smaller 
ingots were found to be less affected. The mid- 
dle sections of the 300 kg and the lower sec- 
tions of larger ingots contained most cracks. 
Microsection study of inclusions generally con 
firmed the findings based on fine cracks. 

Tapered dies speed bend tests Titanium 
Metals Corp. (Jron Age, 1959, 184, Nov. 5, 102) 
Through the use of a single set of tapered dies 
sheet metal may be bent to a range of radii. 
The position at which cracking occurs corres 
ponds to the critical radius which is determined 
in one test. A.G. 

Effect of shear deformations on the apaging 
of rectangular plates V. L.. Salerno and M. 

Goldberg (Trans. ASME J. Appl. Mech., 300, 
27E, March, 54-58) 

Carbon steel sheets for stamping and deep 
drawing (T'ecn. Indust., 1959, 37, Dec., 1821 
1825) Tests of ductility are described in detail. 
The Erichsen number is favoured most for 
determining the best sheet for each class of 
work. P.S. 

ware wey Lg Pen steels under com- 
plex loading I). A. Loria (Mach. Design., 1960, 
32, Feb. 4, ote 125) Notch tests and burst 
tests are discussed and net-fracture stress is 
defined and interpreted. The importance of 
homogeneity in design and the avoidance of 
stress-concentrating features or defects is 
stressed. 

The effects of inelastic action on the resist- 
ance to various types of loads of ductile mem- 
bers made from various classes of metals. 
Part IX. T-section eccentrically-loaded tension 
members made of type 304 stainless steel and 
tested at 1000 F ©. M. Sidebottom and 8. 
Dharmarajan (WADC Tech. Rep., 56-330; 
ASTIA Doc, 202496; PB 151674, 1958, Oct., 
pp.12) A theoretical and experimental study 
of the load necessary to produce a specified 
amount of inelastic deformation on _ this 
material when loaded eccentrically at 1000°F 
gave good agreement between predicted and 
measured results, provided that initial eccen 
tricity was small enough to ensure that yield- 
ing did not occur in the most highly stressed 
compression fibres. With larger eccentricity, 
experimental curves fell appreciably below 
theoretical results over the range where yield- 
ing had taken place on the compression side of 
the member. (ASTIA Doc. No.241767; PB 
151894, 1959, May, pp.28) Eecentrically-loaded 
T-sections of 17-7 PH stainless steel were 
loaded at 1000°F. The deflection of the central 
section of each member was accurately pre 
dicted by both are hyperbolic sine theory and 
interaction-curve-moment-load curve theory. 
fension creep data were also obtained. An 
error in Part LX is pointed out 

Torsion tests on galvanized wire ©). F. Holm 
(Wire, 1959, June, 69-70) Factors influencing 
the torsion strength of hot-dip galvanized wire 
are discussed with reference to the pretreat- 
ment and the galvanizing process. It is conclu- 
ded that a satisfactory indication of the 
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mechanical properties of the wire can only be 
obtained by previously pickling and stripping 
the wire. 

Strength of thick cylinders subjected to 
repeated internal pressure J. L.. M. Morrison, 
B. Crossland, and J. 8. C. Parry (Inst. Mech 
Eng., preprint, 1959, Oct., pp.16) An extension 
of the previous work on fatigue under triaxial 
stress reported in 1956. Work on 24° Ni-Cr- 
Mo steel tested up to 107 repetitions of oil pres 
sure up to 20t in? is described. 

impact ——o machines J. H. Lamble 
(Engineering, 1959, 188, Oct. 16, 352) Izod and 
Charpy tests were carried out with the mach 
ines on various different floors or supports 
Differences in Charpy values were smal! but in 
Izod values they were considerable. 

A remotely controlled drop-weight test 
machine for brittle-fracture studies L. bo. Steele 
and J. R. Hawthorne (NRL-5278, 1959, Jan., 
pp.s; from Nucl. Sci. Abs., 1959, 13, May ol, 
1205) For testing large pieces for embrittle 
ment due to radiation a notch-impact device 
was constructed. Thermally-conditioned insu- 
lated chambers are used. 

Effect of specimen geometry on Charpy low- 
blow transition temperature (. M. Orner 
(WAL TR 112/87-6; PB 140642, 1953, July, 
pp.21; from US Res. Rep., 1959, 32, Aug. 14, 
239) 

Effects of alloying elements on impact 
properties of quenched and tempered -_ 
M. Baeyertz, W. F. Craig, jun., and J. 
Sheehan (A 7'/-66620; PB 136745, 1949, Se ii 
pp-320; from US Res. Rep., 1959, 32, Aug. 14, 
238) Alloys containing Mn, Ni, Cr, or com- 
binations, with or without Mo were tested at 
—320°F to a temp. above the transition range. 

Investigation of low-temperature toughness 
n ordnance steel ©. Wells and W. B. Triplett 
(WAL 310/204-1; PB 135323, 1957, Oct., 
pp.101; from US Res. Rep., 1959, 31, April 17, 
249) Non-metallic inclusions and segregation 
are the major causes of impact-value varia- 
tions. Three special ingots were prepared, the 
one treated with rare earths was superior in 
toughness, that treated with Ca—Si was second 
and the third with Zr—-Si had least toughness. 

Charpy-V transition temperatures of ferritic 
iron alloys: Part 11. lron-chromium and iron 
chromium-aluminium alloys J. E. Srawley 
(NRL Rep. 5367; OTS 151811, 1959, Aug. 24, 
pp.15) Alloys up to 21-3°,Cr and three series 
of Cr-Al alloys with up to 24° (Cr and 6%Al 
were examined. The type of fracture below 
transition temp. was transgranular and the 
temp. decreased with increasing Cr when 
quenched from 1650°C and increased when 
slowly cooled. Alloys with ~0-5°,Al had lower 
and those with ~5°Al had higher transition 
temp. than without Al. Mn up to 12-8°, had no 
beneficial effect and Ti up to 1-92°) raised 
transition temp. 

Soe examination of a failed electro- 
magnetic liquid metal pump channel G. H. 
Broomfield (Metallurgia, 1959, 60, Nov., 201 
203) Paitare by fatigue of a 13° Cr steel liquid 
metal pump channel was probably due to pres- 
sure pulses in the liquid metal, with evidence 
that liquid metal corrosion had some effect in 
causing the failure. (17 refs) 

Application of the Locati method of using an 
individual part for controlling the fatigue limit 
of various automobile parts ©. Daubertis, J. 
Beuret, M. Renout, and R. Cazaud (Met. Ital., 
1959, 51, Dec., 541-547) In an earlier paper the 
authors proved the validity of the Locati 
method for the inspection of mass-produced 
surface hardened wheel hubs. The present 
paper discusses the extension of this method to 
other parts—-rocker arms, rods, etec., and in the 
case of wheel hubs using statistical tests. The 
results obtained confirm the usefulness of the 
Locati method for the control of mass-pro- 
duced parts. According to statistical tests 
carried out on wheel hubs the fatigue limit 
shows no appreciable difference from that 
found by established long time tests at 5 x 108 
cycles and the spread of results is of the same 
magnitude in all cases. 

Leaded steels: Apt to fatigue? J. R. Shure 
and G. W. Brock (/ron Age, 1959, 184, Dec. 3, 
120-121) Test results are reported on the 
effect of Pb additions on the fatigue properties 
of AIST 4340 steel. Up to 0-25°¢ Pb lowered the 





mean fatygue limit but had little effeet on 
fatigue life at stresses above the mean fatigue 
limit.-—a.G 

Effect of residual stresses on the fatigue 
resistance and on the service life of forged cold- 
rolling rolis P. Funke (Stahl Eisen, 1960, 80, 
March 17, 368-370) A review of several recent 
Russian publications on the factors that affect 
the service life of cold-rolling rolls. The 
Russian studies elucidate the concept of the 
correlations between working stresses imposed 
on the rolls and the residual stresses which are 
a result of the mode of fabrication r.G 

A relation between the critical alternating 
———s Stress and crack length for miid 
steel N. E. Frost (Jnst. Mech. Eng preprint, 
1959, pp 19) Fatigue tests on specimens with 
edge cracks are reported and the alternating 
stress just sufficient to cause crack growth was 
determined. A relationship for critical stress to 
crack length is found and a wide range of notch 
fatigue data is correlated. 

Effect of hydrogen on the fatigue resistance 
of welded steel W. Hofmann and G. Vibrans 
(Schweissen Schneiden, 1960, 12, March, 95 
102) The effect of H, on the fatigue resistance 
of two low-alloy steels was studied. It was 
found that the steels after being loaded with 
H,, lost half of it in the first 20 h at room temp. 
the fatigue studies were 
ducted at 45°C. Fatigue 
decreased by H, unless the steel has been ten 
sile stressed by 10°, before fatigue testing. In 
this case the damage done is permanent, even 
if allthe H, has been driven off. This behaviour 
is -the with welds. In welds, however, 
another factor may contribute to reduce 
fatigue resistance; microcracks occur asa result 
of too high cialis rates when passing through 
the temp. range around 200°C (29 refs). —rT.«. 

A general approach to the practical solution 
of creep problems A. Mendelson, M. H. Hirsh- 
berg, and S. S. Manson (Trans ISME, 
Basic Eng., 1959, 81D, Dec., 585-598) The 
method described solves creep problems by use 
of SUCCERSIV ¢ approximations, and is valid tor 
different creep laws and loads. Examples are 
given of creep in a flat plate with a temp 
gradient, and in rotating discs, with and with 
out the inclusion of transient conditions. 

Experimental work on malleable iron L. ( 
Marshall, G. Sommer, and D. A 
(Mod. Cast., 1960, 37, Jan., 109) 
obtaine d so fe 


therefore also con 


resistance 1s not 


same 


Pearson 
The results 
ar in a series of tests on the stress 
rupture and creep properties of ferritic and 
pearlitic malleable irons are summarized 
These tests were carried out at 800, 1000, and 
1200°F. The object of the programme is to 
establish tentative use specifications for these 
irons when used for prolonge 


d periods at el 
vated temp. 

Nonlinear creep deformations of columns of 
rectangular cross section H. H. Bleich and 
©. W. Dillon, jun. (J. Appl. Mech., 1959, 26, 
Dec., 517-525) Mathematical. The law adopted 
is ¢=(1—F + Ao* 

A phenomenological theory for the transient 
creep of metals at elevated temperatures |. Z. 
Stowell (NACA TN- 4396, 1958, Sept., pp.31; 
from US Res. Rep., 1959, 31, March 13, 167) 
An alloy of two metallic phases, each with its 
own elasticity and viscosity, will exhibit 
transient creep after application of a constant 
stress. Four metals show entire families of 
creep curves to be given by a ingle set of 
constants. 

Creep-rupture strength of austenitic Cr Ni 
Mo steels in sheet and bar form G. V. Smith, 
F. Garofalo, R. W. Whitmore, and R. R. Burt 
Trans. ASME, J. Basie Eng., 1959, 81D, 
Dec., 610-616) It is shown that small varia 
tions in C, N, and P in 18°,Cr-8°,Ni-Mo bar 

about 4 of the 100 and 
strength in tests at 


and sheet account for 
1000) h creep-rupture 
1100, 1300, and 1500°F 


Correlation of high temperature creep and 
rupture data H. Conrad (Trans. ASME J 
1959, 81D, Dec., 617 628) The 
problem of corre ‘lating creep and rupture — i 
at T>0-45T,, is examined and it is conclude 
that deformation of metals and alloys is diffe. 
controlled at these temp.; 
energy is given by that for the self 
the base metal or alloying 


should be inde 


Basic Eng. 


s10n activatior 
liffusion of 
eonstituents, ana 
pendent of stress. An equation 


is derived for cree p rupture hay 
€s= rr. A exp (> - sinh [a/o,(T)}*. 
tr R 
€s is minimum creep rate, tr the time to rupture 
AHp a diffusion activation energy, o the stress, 
and K, A, o,(T), and n are constants. Data for 
several superalloys and an Al alloy were found 
to be in agreement with this equation (55 refs). 
The creep of strain gauges as a rheological 
a ag ohrbach and N. Czaika (Material 
prif., 1960, 2, March, 98-105) The creep of 
strain gauges and its probable origin is dis 
cussed. The creep is attributed to a yielding of 
the cement as a result of the restoring forces of 
the strained wire. The authors give a diagram 
from which the creep of the strain gauge may 
be deduced. They also discuss the question to 
what extent strain gauges may be 
measurement of creep. r.G. 
Creep-resisting materials S. Arwidson (/ern 
kont. Ann., 1959, 143, (7), 373-413) 
resisting materials are enumerated, 
properties and 


ing the form 


Where 


used tor 


Creep 
and their 
applications described. The 
materials dealt with are: martensitic 
austenitic steels, and Ni- and Co-base 
with a section on cements (11 refs) 

A method of treating the results of long-term 
strength tests V. 1. Nikitin ( Zavods. Lab., 1959, 
(12), 1492-1496) The article presents a simpler 
and more accurate method of determining the 
breaking load for any given time, based on 
F. R. Larson and J. Miller’s parameter (7'rans. 
ASME 74, (5), 1952) T(C 4+ log 7) = p(3) where 
r is the absolute temperature; 7, the time to 
fracture, C constant, and 6 the load. In this 
equation the relation between the product 
T log 7 and temp. at constant load is linear and 
the tangent of the slope of such a line to the 
temp. axis is always equal to C. The graph I 
log + —T is therefore made up of a family of 
straight lines, each of which corresponds to a 
value of the load. This gives the possibility of 
constructing a convenient diagram for long 
term resistance of the material from which it is 
possible to determine the ultimate 
strength for any period of time. 

Progress reports of investigation of railroad 
rails R. E. Cramer (Univ. Illinois Bull., 1959, 
Reprint series No.60, April, pp.13) Failures in 
control-cooled rails and shelly rail studies are 
included. A summary of 25 failures from 11 
causes and of shelly 
tests is presented. 

Progress report of investigation of railroad 
rails and joint bars K. EK. Cramer and R. 8. 
Jensen (Un Illinois Bull., Reprint series 
No.59, 1958, May, pp.33) Failures in control 
cooled rails, rolling-load tests of joint bars, 
shelly rail studies, and tests on continuous 
welded rails make up the report 

Some crankshaft failures: 
causes and remedies Kk. Atkinson and P. Jack 
son (Shipbuilding Ship Rec., 1960, 95, Feb. 11, 
180-181) Failures of Diesel engine shafts are 
briefly reviewed and the methods of examina 
tion are given 

Third International Symposium on hardness 
measurement in theory and practice W. 
Bischof and K. Meyer (Materialpriif., 1960, 2, 
March, 107-114) The third international syn 
posium on ‘hardness me asurement in theory 
and practice’ was held at Dortmund on 23-25 
Sept. 1959. The present report gives the titles 
and abstracts of 28 papers by contributors 
from all over the world. The papers and dis 
cussions will be published in full by the VDI, 
Dusseldorf in the near future.—T.a 

The technique of hardness testing \. 1 

Sheet Met. Ind., 1960, 37, Feb., 125 
135) This final instalment refers to Cu and it 
alloys. 

A simplified calculation of Brinell hardness 
R. Béklen (V DIZ, 1960, 102, Feb. 1, 128 
Brinell hardness H» is determined 
equation Hy, Hu =Kx, where Hy is the 
Meyer hardness and Kx a correcti term ce 
pending solely on the load 

Hardness testing of thin sheet and tinned 
sheet FE. Wondris and V. Seul (Stahl EHisen, 
1960, 80, March 17, 356-365) The authors dis 
cuss the advantages offered by using the 
Rockwell hardness testing for 
tinned sheet and report on 
mechanism involved in the 


steels, 


alloy 8, 


long-term 


failures in rolling-load 


investigations, 


James 


from at 


super 
thin sheet and 
studies of the 
impression of thin 
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sheet, they also discuss the effect of the thick- 
ness of the sheet and that of the support on the 
results. The correlation with other methods and 
the ise of conversion factors are touched 
uy 4 a 
Measuring scratch depth (/nd. Fin., 1960, 
12, March, 57) Details are given of an instru 
ment developed by Boeing Aircraft Co, for 
measuring the depth of scratches ranging from 
0-030 to 0-00005 in 
the length of the shadow cast by a beam of 
light at a pre-determined angl G.F 
Conversion chart for microhardness values 
R. A. Slepian (Mat. Design Eng., 1960, 51, 
Jan., 123) A graph designed for converting 
microhardness values to the commonly 
used microhardness ‘ales is illustrated, 
Hardenability studies. ‘on 4340 steel E. RK. 
Klier, Weiss, and G. Sachs (PB 130766, 
1954, Oct., pp.46; from US Govt. Res. Rep., 
1959, 31, June 12, 470) 
‘arried out after various heat 
Metallographic constituents were 
and X-ray studies were made 
Some considerations on the problem of 
brittle fracture ©. Werner (Matervalpriifung., 
1959, 1, June, 189-200) Modern theories of 
metal pasticity are discussed, and the contri 
bution of dislocation theory to present know 
ledge of the causes of brittle fracture is re 
viewed. Experimental results in the field of 
internal friction, and the results of electron 
microscopical investigations are reported, 
which support theories based on dislocation 


The instrument measures 


more 


tests were 
treatments 
determined 


Jominy 


mechanism, and in which dislocations can be 
viewed directly (43 refs). 

Embrittlement of solid metals in a liquid 
metal W. A. Morgan (Met. Treatment, 1959, 
26, Sept., 333-339) A review of causes of em 
brittlement and cracking of steels and non 
ferrous metals (57 refs). 

Micromechanism of brittle fracture in a low- 
carbon steel (. I. Hahn, W. 5. Owen, B. L 
Averbach, and M. Cohen (Weld. J., 1959, 38, 
Sept., 275s-276s) Tensile data, limit 
measurements, and metallographic observa 
tions of slip, twinning, and micro-cracks, for 
samples tested in the 


elastic 


range room temp. to 

250°C, as well as standard Charpy data, are 
presented for a low-carbon steel in a coarse 
(ASTM GS No.4) and a fine-grained (ASTM 
GS No.7) condition. 

Brittieness of cobait-iron alloys ©. W. Chen 
and G. W. Wiener (J. Appl. Phys., 1959, 30, 
April, 199s-201s) A mechanism is advanced. 

On hydrogen brittieness of steel: 111. Metal- 
lurgical observations |. Onishi and : Kikuta 
(Techn. Rep. Osaka Univ., 1960, 10, Jan., 193 
208) [In English} The cracks and fracture 
embrittled cathodically 
charged rmuld steel are described 

Hydrogen embrittlement of plated steel 
springs J. A. Gurklis, L. D. MeGraw, and C. I 
Faust (PB 151125, 1956, De« pp,.46; from 
US Res. Rep., 1959, 31, April 17, 249) With 
reasonable care no subsequent heat-treatment 
or other treatment ts nec 


surfaces formed in 


essary after Cd plating 

Brittieness of special steels in the as-cast 
condition: influence of impurities R. Castro and 

Gueussier (Rev. Mét., 1960, §7, Feb., 135 
148) The influence of structure and composi 
tion on the brittleness of an Ni-Cr-Mo steel 
and an austenitic Ni Cr steel in the as-cast 
condition were gated by 
termp.-impact strength curv 
effects of 
cooling rate on 


investi means of 


eS Topies econ. 
sidered were: the 
hence the 
and brittleness; influence of various impurities 
on intergranular brittleness in heat-treatable 
Ni-Cr- Mo steels 
thermal 


mould size, and 


minor segreyation 


influence of a homogenizing 
brittleness: and the 
effects of various impurities 
austenitic steels, together 
with the modifying on the results of 
the presence of 5-10°%. ferrite in the structure 

Experimental study of solidification cracks in 
steels: influence of impurities A. (iueussier and 

Castro (Rev. Mét., 1960, 57, Feb., 117 
134) The experimental technique used by the 
authors is described in detail; one feature is the 
us preparation in a single mould of 
16 specimens, to reduce the number of tests 
and the effects of dispersion. Results 
on Ni-Cr austenitic steels show the 
structure on cract 


treatment on 
m the brittleness 
of as-cast stainless 


influence 


simulte aries 


obtained 
influence of 


primary sensitivity; com 
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F. E. L. Copley 
438) {This issue}. 

The experimental determination of the stress 
conditions in the adhesives layer of overlapped 
metal junctions A. Matting and K. F. Hahn (Z. 
Metallk., 1959, 50, Sept., 528-533) Experi- 
ments on six metal adhesives of different com 
showed that the stress-strain charac 
teristic is non-linear, and that results caleu 
lated on the assumption that Hooke’s law is 
obeyed are too high. Stress distribution in the 
adhesive overlapping junctions is 
examined, and it is shown that the creep pro 
cess is influenced by 
tested specimens. 

Triaxial tension at the head of a rapidly 
running crack in a plate J. M. Frankland (J. 
Appl. Mech., 1959, 26, Dec., 570-576). 

A quality index for structural steels M. Baj 
(Met. Ital., 1959, 51, Dec., 557-564) After 
examining methods proposed for establishing a 
quality index for structural steels a system is 
described based on the tensile strength/impact 
ratio with special reference to the transverse 
test. This index is useful for evaluating steel 
heats but can only with difficulty be used to 
evaluate finished steel products. Similar meth 
ods can be used to establish other quality 
indices, e.g. a brittleness index and a low temp. 
index. It is concluded that the quality index is 
significant enough to be of assistance to the 
steel melter in controlling the heat. 

The effect of the length of tubular steel speci- 
mens on deformation and tensile stresses |.. G. 
Afendik, and L. I. Shekhter (F'sz. Met. Metal- 
loved., 1958, (1), 85-89) The findings in the 
investigations of deformation and stress in the 
waist of loaded tubular specimens of different 
lengths point to an appreciable influence of the 
ratio of the length to the average dia. where 
this ratio is small. Lf the main radial and cireu- 
lar stresses are 3a dr, de and the corresponding 
logarithmic characteristics of deformation 
©z, &r, and eg the deformation components most 
susceptible to the ratio of length to dia. are 
the e-, eg, and dg and also the meridional curva 
ture of the internal surface. With a sufficiently 
large ratio of length to dia. the influence of this 
factor decreases. Hence, only in cases of suffi- 
ciently long tubular specimens is it possible to 
talk of reliable testing results. Furthermore 
the ratio between the thickness of the walls and 
the average diameter also exerts an influence 
which has been noted earlier (ibid., 1956, (2), 
538). 

The effect of hydriding on the deformation 
processes of steel and on its mechanical proper- 
ties G. V. Karpenko and R. 1. Kripyakevich 
(Fiz. Met. Metalloved., 1959, (1), 90-94) The 
effect of hydriding (by a galvanic process) on 
mild steel during its deformation under tension 
is a reduction of the plasticity indices y% and 6 
and of the true breaking strength. The UTS 
and yield-point remain unchanged. This effect 
depends on the intensity of the galvanic cur- 
rents. The fracture under tension in the cath- 
ode polarized specimens occurs mainly along 
the planes of maximum tangential stresses 
(along the lines of displacement). 

Recording the deformation of steel specimens 
on the flow surface by oscillograph 1. 
Brainin (Zavods. Lab., 1959, (11), 1366-1368) 
Spherical and flat specimens of 20 and St3 
steels tested under static loads in a 
IMR-—12 machine at a rate of 2 mm/min. Pre- 
liminary tests have shown that critical defor- 
mation corresponding to the edge of the flow 
surface amounted to 2-5°, for the circular and 
to 0-2%, for the flat specimens. The rapid de 
formation was measured with a special micro 
tensometer. Differential oscillographs are given 
for different conditions of deformation. 

A note on yield point or yield stress in mall- 
eable cast iron ©. T. Moore (BCIRA J. Res. 
Dev., 1959, 7, Dec., 863-866) It is shown that it 
is appropriate to quote either proof or set 
stress values to define the change from elastic 
to plastic deformation occurring in the tensile 
test of malleable cast iron.—D.L.c.P. 

Deformation capacity and fracture of plain 
steels in biaxial stress at low temperatures A. 
Krisch (Arch. Eisenh., 1960, 31, Feb., 113 119) 
Tube-like test pieces of various steels in the 
normalized and aged conditions were subjected 
to internal and simultaneously to 


(JIST, 1960, 


195, Aug., 422 


position 


layer of 


relaxation in fatigue 


were 


pressure 


tensile stress at 20, 30, and 70°C. In 
comparison with tensile tests it was found that 
in biaxially stressed samples ultimate tensile 
stress was in only two cases higher at the lower 
temperatures, in all other cases, i.e. nine fur 

ther steels, typical embrittlement phenomena 
were observed at the lower temp. which were, 
however, not found in pure tensile tests (24 
refs) r.G 

The mechanical properties of rolled and cast 
austenitic 18:8 chromium_nickel steels at + 20 
= 180°C. Part | H. Schumann (Technik, 

1960, 15, April, 272-276) Using five 18:8-type 
austenitic steels actually containing 9:5 
13-1°,Ni with and without stabilization by 
Ti or Nb+Ta, a study of the effect of heat 
treatment on the mechanical properties such 
as tensile strength and notch-impact toughness 
in the rolled and cast condition at 20 and 

180°C was made. The effect of $-ferrite on 
ductility at very low temp. was included in the 
studies. The results of the mechanical tests are 
presented in tables.——T.«G. 

The effect of weight on the susceptibility of 
1-2 Kh 13 steel ingots to .~> cracks E.G. 
Fedorinova, G. 8. Chernyak, I. Bystrikova, 
and M.1. Vinograd (Stal’, 1960, a 77-79) The 
cracks were found to be non-metallic inclu- 
sions drawn out into threads. Tests with ingots 
of five shapes are described and the smaller 
ingots were found to be less affected. The mid- 
dle sections of the 300 kg and the lower sec 
tions of larger ingots contained most cracks. 
Microsection study of inclusions generally con- 
firmed the findings based on fine cracks. 

Tapered dies speed bend tests Titanium 
Metals ¢ orp. (Tron Age, 1959, 184, Nov. 5, 102) 
Through the use of a single set of tapered dies 
sheet metal may be bent to a range of radii. 
The position at which cracking occurs corres 
ponds to the critical radius which is determined 
in one test. A.G. 

Effect of shear deformations on the bending 
of rectangular plates V. L.. Salerno and M. A 

Goldberg (Trans. ASME J. Appl. Mech., 1960, 
27E, March, 54-58). 

Carbon steel sheets for stamping and deep 
drawing (T'ecn. Indust., 1959, 37, Dee., 1821 
1825) Tests of ductility are described in ’ detail. 
The Erichsen number is favoured most for 
determining the best sheet for each class of 
work. —P.s 

ayn Le Strength steels under com- 
plex loading . Loria (Mach. Design., 1960, 
32, Feb. 4, ts 125) Notch tests and burst 
tests are discussed and net-fracture stress is 
defined and interpreted. The importance of 
homogeneity in design and the avoidance of 
stress-concentrating features or defects is 
stressed. 

The effects of inelastic action on the resist- 
ance to various types of loads of ductile mem- 
bers made from various classes of metals. 
Part IX. T-section eccentrically-loaded tension 
members made of type 304 stainless steel and 
tested at 1000 F ©. M. Sidebottom and 8. 
Dharmarajan (WADC Tech. Rep., 56-330; 
ASTIA Doc. 202496; PB 151674, 1958, Oct., 
pp.12) A theoretical and experime ntal study 
of the load necessary to produce a specified 
amount of inelastic deformation on this 
material when loaded eccentrically at 1000°F 
gave good agreement between predicted and 
measured results, provided that initial eccen- 
tricity was small enough to ensure that yield 
ing did not occur in the most highly stressed 
compression fibres. With larger eccentricity, 
experimental curves fell appreciably below 
theoretical results over the range where vield- 


ing had taken place on the compression side of 


the member. (ASTIA Doc. No.241767; PB 
151894, 1959, May, pp.28) Eecentrically-loaded 
T-sections of 17-7 PH stainless steel were 
loaded at 1000°F. The deflection of the central 
section of each member was accurately pre 
dicted by both are hyperbolic sine theory and 
interaction-curve-moment-load theory. 
Tension creep data were also obtained. An 
error in Part IX is pointed out. 

Torsion tests on galvanized wire ©. F. Holm 
(Wire, 1959, June, 69-70) Factors influencing 
the torsion strength of hot-dip galvanized wire 
are discussed with reference to the pretreat- 
ment and the galvanizing process. It is conclu- 
ded that a satisfactory indication of the 


eurve 
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mechanical properties of the wire can only be 
obtained by previously pickling and stripping 
the wire. 

Strength of thick cylinders subjected to 
repeated internal pressure J. L. Morrison, 
B. Crossland, and J. 8S. C. Parry (Inst. Mech 
Eng., preprint, 1959, Oct., pp.16) An extension 
of the previous work on fatigue under triaxial 
stress reported in 1956. Work on 2§°,Ni-Cr- 
Mo steel tested up to 107 repetitions of oil pres 
sure up to 20 t/in® is described. 

Impact testing machines J. H. Lamble 
(Engineering, 1959, 188, Oct. 16, 352) Izod and 
Charpy tests were carried out with the mach 
ines on various different floors or supports. 
Differences in Charpy values were smal! but in 
Izod values they were considerable. 

A remotely controlled drop- oe test 
machine for brittle-fracture studies L. 15. Steele 
and J. R. Hawthorne (N RL-—5278, a Jan., 
pp.8; from Nucl. Sci. Abs., 1959, 13, May 31, 
1205) For testing large pieces for embrittle 
ment due to radiation a notch-impact device 
was constructed. Thermally-conditioned insu- 
lated chambers are used. 

Effect of specimen geometry on Charpy low- 
blow transition temperature ©. M. Orner 
(WAL TR 112/87-6; PB 140642, 1953, July, 
pp.21; from US Res. Rep., 1959, 32, Aug. 14, 
239) 

Effects of alloying elements on impact 
properties of quenched and tempered ~~ 
M. Baeyertz, W. F. Craig, jun., and J. 
Sheehan (A 71-66620; PB 136745, 1949, Se at 
pp.320; from US Res. Rep., 1959, 32, Aug. 14, 
238) Alloys containing Mn, Ni, Cr, or com- 
binations, with or without Mo were tested at 

—320°F to a temp. above the transition range. 

Investigation of low-temperature toughness 
n ordnance steel ©. Wells and W. B. Triplett 
(WAL 310/204-1; PB “> 1957, Oct., 
pp.101; from US Res. Rep., 1959, 31, April 17, 
249) Non-metallic inclusions and segregation 
are the major causes of impact-value varia- 
tions. Three special ingots were prepared, the 
one treated with rare earths was superior in 
toughness, that treated with Ca-Si was second 
and the third with Zr—-Si had least toughness. 

Charpy-V transition temperatures of ferritic 
iron alloys: Part 11. lron-chromium and iron 
chromium-aluminium alloys J. EF. Srawley 
(NRL Rep. 5367; OTS 151811, 1959, Aug. 24, 
pp.15) Alloys up to 21-3°(Cr and three series 
of Cr-Al alloys with up to 24°)Cr and 6%Al 
were examined. The type of fracture below 
transition temp. was transgranular and the 
temp. decreased with increasing Cr when 
quenched from 1650°C and increased when 
slowly cooled. Alloys with ~0-5°,Al had lower 
and those with ~5°,Al had higher transition 
temp. than without Al. Mn up to 12-8°, had no 
beneficial effect and Ti up to 1-92°) raised 
transition temp. 

Metallurgical examination of a failed electro- 
magnetic liquid metal pump channel (:. H. 
Broomfield (Metallurgia, 1959, 60, Nov., 201 
203) Failure by fatigue of a 13% Cr steel liquid 
metal pump channel was probably due to pres- 
sure pulses in the liquid metal, with evidence 
that liquid metal corrosion had some effect in 
causing the failure. (17 refs) 

Application of the Locati method of using an 
individual part for controlling the fatigue limit 
of various automobile parts ©. Daubertis, J. 
Beuret, M. Renout, and R. Cazaud (Met. Ital., 
1959, §1, Dec., 541-547) In an earlier paper the 
authors proved the validity of the Locati 
method for the inspection of mass-produced 
surface hardened wheel hubs. The present 
paper discusses the extension of this method to 
other parts—rocker arms, rods, etc., and in the 
case of wheel hubs using statistical tests. The 
results obtained confirm the usefulness of the 
Locati method for the control of mass-pro- 
duced parts. According to statistical tests 
earried out on wheel hubs the fatigue limit 
shows no appreciable difference from that 
found by established long time tests at 5 108 
eycles and the spread of results is of the same 
magnitude in all cases. 

Leaded steels: Apt to Spee J. R. Shure 
and G. W. Brock (Iron Age, 1959, 184, Dec. 3, 
120-121) Test results are reported on the 
effect of Pb additions on the beep gs properties 
of AIST 4340 steel. Up to 0- ,Pb lowered the 





mean fatigue limit but had little effect on 
fatigue life at stresses above the mean fatigue 
limit.--A.G 

Effect of residual stresses on the fatigue 
resistance and on the service life of ne cold- 
rolling rolls P. Funke (Stahl Eisen, 1960, 80, 
March 17, 368-370) A review of several recent 
Russian publications on the factors that affect 
the service life of cold-rolling rolls. The 
tussian studies elucidate the concept of the 
correlations between working stresses imposed 
on the rolls and the residual] stresses which are 
a result of the mode of fabrication.— 7.«a. 

A relation between the critical alternating 
propagation stress and crack length for mild 
steel N. E. Frost (J/nst. Mech. Eng preprint, 
1959, pp.19) Fatigue tests on specimens with 
edge cracks are reported and the alternating 
stress just sufficient to cause crack growth was 
determined. A relationship for critical stress to 
erack length is found and a wide range of notch 
fatigue data is correlated. 

Effect of hydrogen on the fatigue resistance 
of welded steel WW. Hofmann and G. Vibrans 
(Schweissen Schneiden, 1960, 12, March, 95 
102) The effect of H, on the fatigue resistance 
of two low-alloy steels was studied. It was 
found that the steels after being loaded with 
H,, lost half of it in the first 20 h at room temp. 
the fatigue studies were therefore also con 
ducted at 45°C. Fatigue resistance is not 
decreased by H, unless the steel has been ten 
sile stressed by 10°, before fatigue testing. In 
this case the damage done is permanent, even 
if allthe H, has been driven off. This behaviour 
is the with welds. In welds, however, 
another factor may contribute to reduce 
fatigue resistance; microcracks occur asa result 
of too high cooling rates when passing through 
the temp. range around 200°C (29 refs). —T.«c. 

A general approach to the practical solution 
of creep problems A. Mendelson, M. H. Hirsh- 
berg, and S. S. Manson (Trans. ASME, J. 
Basic Eng., 1959, 81D, Dec., 585-598) The 
method desc ribe d solves creep problems by use 
of successive approximations, and is valid for 
different creep laws and loads. Examples are 
given of creep in a flat plate with a temp 
gradient, and in rotating discs, with and with 
out the inclusion of transient conditions. 

Experimental work on malleable iron L. ( 
Marshall, G. Sommer, and D. A. Pearson 
(Mod. Cast., 1960, 37, Jan., 109) The results 
obtained so far in a series of te sts on the stress 
rupture and creep properties of ferritic and 
pearlitic malleable irons are summarized 
These tests were carried out at 800, 1000, and 
1200°F. The object of the programme is to 
establish tentative use specifications for these 
when used for prolonged periods at ele 


same 


irons 
vated temp 

Nonlinear creep deformations of columns of 
rectangular cross section H. H. Bleich and 
O. W. Dillon, jun. (J. Appl. Mech., 1959, 26, 
Dec., 517-525) Mathematical. The law adopted 
is €=(1-F)¢+ Ao* 

A phenomenological theory for the transient 
creep of metals at elevated temperatures |. Z. 
Stowell (NACA TN~-4396, 1958, Sept., pp.31; 
from US Hes Rep., 1959, 31, March 13, 167 
An alloy of two metallu phases, each with its 
own elasticity and viscosity, will exhibit 
transient creep after application of a constant 
stress. Four metals families of 
creep curves to be given by a single set of 
constants. 

Creep- rupture strength of austenitic Cr Ni 
Mo steels in sheet and bar form (;. V. Smith, 
F. Garofalo, R. W. Whitmore, and R. R. Burt 

Trans. ASME, J. Basic Eng., 1959, 81D, 
Dec., 610-616) It is shown that small varia 
tions in C, N, and P in 18°,,Cr-8°,Ni-Mo bar 
and sheet account for about 4 of the 100 and 
1000 h creep-rupture strength in tests at 
1100, 1300, and 1500°F. 

Correlation of high comganenane creep and 
rupture data H. Conrad mn ISWME J 
Eng., 1959, 81D, Dee , 617 628) The 
problem of correlating creep and rupture data 
at T>0-45T,, is examined and it is coneluded 
that deformation of metals and alloys is diffu 
controlled at these temp.; activation 
energy is given by that for the self-diffusion of 
the base metal or alloying constituents, 
should be inc pendent of stress 


show entire 


Basi 


s10n 


ana 
An equation 


is derived for creep rupture having the form 


K Hp a 
€e=— vA exp AHp sinh [o/o,(T)}*. Where 
tr R1 ’ 


és is minimum creep rate, tr the time to rupture 
AHp a diffusion activation energy, a the stress, 
and K, A, oo(T), and n are constants. Data for 
several superalloys and an Al alloy were found 
to be in agreement with this equation (55 refs). 

The creep of strain gauges as a rheological 
probiem (. Rohrbach and N. Czaika (Material 
prif., 1960, 2, March, 98-105) The creep of 
strain gauges and its probable origin is dis 
cussed. The creep is attributed to a yielding of 
the cement as a result of the restoring forces of 
the strained wire. The authors give a diagram 
from which the creep of the strain gauge may 
be deduced. They also discuss the question to 
what extent strain gauges may be 
measurement of creep.— T.G. 

Creep-resisting materials 8S. Arwidson (/ern 
kont. Ann., 1959, 143, (7), 373-413) Creep 
resisting materials are enumerated, and their 
properties and applications described. The 
materials dealt with are: martensitic steels, 
austenitic steels, and Ni- and Co-base 
with a section on cements (11 refs) 

A method of treating the results of long-term 

strength tests V. I. Nikitin (Zavods. Lab., 1959, 
(12), 1492-1496) The article presents a simpler 
and more accurate method of determining the 
breaking load for any given time, based on 
F. R. Larson and J. Miller’s parameter (7'rans 
ISME 74, (5), 1952) T(C p(d) where 
r is the absolute temperature; 7, the time to 
fracture, C constant, and 6 the load. In this 
equation the relation between the product 
T log 7 and temp. at constant load is linear and 
the tangent of the slope of such a line to the 
temp. axis is always equal to C. The graph 7 
log +—T is therefore made up of a family of 
straight lines, each of which corresponds to a 
value of the load. This gives the possibility of 
constructing a convenient diagram for long 
term resistance of the material from which it is 
possible to determine the ultimate 
strength for any period of time 

Progress reports of investigation of railroad 
rails KR. E. Cramer (Univ. Illinois Bull., 1959, 

?eprint series No.60, April, pp.13) Failures in 

control-cooled rails and shelly rail studies are 
included. A summary of 25 failures from 11 
causes and of shelly failures in rolling-load 
tests is presented 

Progress report of investigation of railroad 
rails and joint bars K Cramer and R. 8. 
Jensen (Uni Illinois Budll., 
No.59, 1958, May, pp.33) Failures in control 
cooled rails, rolling-load tests of 
shelly rail studies, and 
welded rails make up the report. 

Some crankshaft failures: 
causes and remedies I 
son (Shipbuilding Ship Rec., 1960, 95, Feb. 11 
180-181) Failures of Diesel engine shafts are 
briefly reviewed and the methods of examina 
tion are given 

Third International Symposium on hardness 
measurement in theory and practice \W. 

sischof and K. Meyer (.Vaterialpriif., 1960, 2, 
March, 107-114) The third international syr 
posium on ‘hardness measurement in theory 
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and practice’ was held at Dortmund on 2 
Sept. 1959. The present report gives the titles 
and abstracts of 28 papers by 
from all over the world. The papers and di 
cussions will be ‘p vublished in full by the VDI, 
Dusseldorf in the near future Tr. 

The technique of hardness testing VY. & 
Sheet Met. Ind., 1960, 37, Feb., 125 
135) This final instalment refers to ¢ 
alloys 

b simplified calculation of Brinell hardness 
R. Béklen (V DIZ, 1960, 102, Feb. 1, 128 
Brinell hardness Hy» is determined from an 
equation Hy, Hy =Kx, where Hy is the 
Meyer hardness and Kx a correcti 
pending solely on the load 

Hardness testing of thin sheet and tinned 
—_ E. Wondris and V. Seul (Stahl Eisen, 
1960, 80, March 17, 356-365) The authors dis 

‘uss the advantages offered by using the super 
Roe kwell hardness testing for thin sheet and 
tinned studies of the 
impress 


eontributors 


James 


1 and its 


term de 


sheet and report on 


mechanism involved in the ion of thin 
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sheet, they also discuas the effect of the thick 
ness of the sheet and that on the 
results. The correlation with other methods and 
the use of conve touched 
upon I 

Measuring scratch depth (/nd. Fin., 
12, March, 57) Details are given of an instru 
ment developed by Boeing Aircraft Co. for 
measuring the depth of scratches ranging from 
0-030 to 0-00005 in. The 
the length of the 
light at a pre-determined angle G.F 

Conversion chart for nee values 
R. A. Slepian (Mat. Design Eng., 1960, §1, 
Jan., 123) A graph designed for converting 
microhardness values to the 


of the support 


rsion factors are 


1960, 


instrument measures 
shadow cast by a beam of 


commonly 
used microhardness scales is illustrated. 

Hardenability studies on 4340 steel bb}. R. 
Klier, \ Weiss, and G. Sachs (PB 130766, 
1954, Oct., pp 46: from US Gort. Res Rep., 
1959, 31, June 12, 470 tests were 
carried out after heat treatments 
Metallographic constituents were determined 
and X-ray studies were made 

Some considerations on the problem of 
brittle fracture ©. Werner ( MVater:alpriifung., 
1959, 1, June, 189-200) Modern theories of 
metal pasticity are discussed, and the contri 
bution of dislocation theory to present know 
ledge of the brittle fracture is re 
viewed. Experimental! results in the field of 
internal friction, and the results of electron 
microscopical reported, 
which support theories based on dislocation 
mechanism, and in which dislocations can be 
viewed directly (43 refs) 

Embrittiement of solid metals in a liquid 
metal W. A. Morgan (Met. Treatment, 1959, 
26, Sept., 333-339) A review of causes of em 
brittlement and cracking of 
ferrous metals (57 refs) 

Micromechanism of brittle fracture in a low- 
carbon steel (. I’. Hahn, W. S. Owen, B. L 
Averbach, and M (Weld. J., 1959, 38, 
Sept., 275s-276s) data, elastic limit 
measurements, 


more 


Jominy 


Various 


causes of 


investigations are 


els and non 


Cohen 
Tensile 
and metallographic observa 
and micro-cracks, for 


samples tested in the range room 


tions of slip, twinning, 
temp. to 

250°C, as well as standard Charpy data, are 
presented for a low-carbon steel in a coarse 
(ASTM GS No.4) and a fine (ASTM 
GS No.7) condition 

Brittieness of cobait-iron alloys (. W. Chen 
and G. W. Wiener (J. Appl. Phys., 1959, 30, 
April, 1998-2018) A mechanism is advanced, 

On hydrogen brittieness of steel: 111. Metal- 
lurgical observations |. Onishi and 4 Kikuta 
(Techn. Rep. Osaka Univ., 1960, 10, Jan., 193 
208 In English] The fracture 
embrittled 


described 


grained 


cracks and 


surfaces formed in cathodically 
charged mild steel are 

Hydrogen embrittiement of plated steel 
springs J. A. Gurklis, L. D. McGraw, and C. L. 
Faust (PB 151125, 1956, Dee., pp,46; from 
US Res. Rep., 1959, 31, April 17, 249) With 
reasonable care no subsequent heat-treatment 
or other treatment is necessary after Cd plating 

Brittieness of special steels in the as-cast 
condition: influence of impurities 2. Castro and 

Gueussier (Rev. Mét., 1960, §7, Feb., 135 
148) The influence of structure and composi 
tion on the brittleness of an Ni-('r-Mo steel 
and an austenitic Ni-Cr steel in the 


condition 


as-cast 


were investigated by means of 
strength 
effects of and 


the cooling rate on minor segregation 


temp.-impact 
sidered were: the 


curves Topies con- 
mould size, 
nence 
and brittleness; influence of various impurities 
on intergranular brittleness in heat-treatable 
Ni-Cr- Mo steels; influence of a homogenizing 
thermal tre brittleness; and the 
effects of impurities on th 
t 


atment on 
brittleness 
as-cast austenitic stainless steels, together 
with the modifving influence ilts of 
the presence of 5-10°, ferrite in the structure. 

Experimental study of solidification cracks in 
steels: influence of impurities A. (iuecussier and 
R. Castro (Rev. Mét., 1960, 57, Feb., 117 
134) The experimental technique used by the 
authors is described in detail; one feature is the 
simultaneous prey mould of 
number of tests 


various 


on the res 


aration in a single 
16 specimens, to reduce the 
and the effects of dispersion. Result 
on Ni-Cr austenitic steels show the 


primary atructure on crack sensitivity; 


obtained 
influence of 


August 1960 





502 ABSTRACTS 


pletely austenitic structures are much more 
sensitive than mixed austenitic—ferritic struc- 
tures. The effects of S, B, P, Zr, Nb, Sb, Cu, 
Ce, Mn, V, Mo, W, Al, Co, Si, and Pb on crack 
sensitivity are considered. The influence of the 
results obtained on the welding of stainless 
steels for elevated temp. use is examined (19 
refs). 

The mechanism of brittie failure of steel 
under impact bending of notched specimens 
B.S. Kasatkin (Fiz. Met. Metallov., 1959, (1), 
75-84) The process of brittle failure must be 
subdivided into two main stages; the first, the 
pre-failure stage is characterized by plastic 
deformation and connected with the crushing 
of grains, twinning, origin, and development of 
microcracks in the internal microvolumes of 
the metal. The second stage, corresponding to 
the actual brittle failure, begins with the forma- 
tion of plastic cracks in the thin surface layer 
of the metal arranged at the base of the notch, 
cracks which are clearly distinguishable from 
those arising from the deformation of the 
internal volumes. Thereafter the development 
of the failure extends by the formation of 
internal cracks separated from each other by 
bridges of deformed grains. 

Spontaneously induced brittle fractures in 
welded-steel discs A. Vinckier (Weld. J., 1959, 
38, Sept., 354s—359s) An investigation of the 
conditions required for spontaneous brittle 
fracture in welded steel discs is described. 

A method of assessing the tendency of steel to 
brittle failure from the appearance of the frac- 
ture E. M. Shevandin ( Zavods. Lab., 1959, (12), 
1497-1502) The tendency to brittle failure can 
be assessed not only from impact strength as a 
function of temp. but also from the appear- 
ance of the fracture. On the suggestion made 
by the author in 1947 one can construct the 
curves for the work necessary for fracture A 
and for the relative fibrous fracture B as a func- 
tion of temp. and find from them the corres- 
ponding critical brittle temp. The article 
explains the main features of the method which 
can also be extended to assess the safety factor 
in structural steels from the appearance of the 
fracture. 

pe meg my - cold-shortness of structural 
sheet steel \ Kurmanov, I. V. Navrotskii, 
and Yu. 8. a (Zavods. Lab., 1959, (11), 
1370-1372) The threshold of cold-brittleness 
determined on notched specimens with static 
loads may be over or under the transition 
temp. to a brittle state depending on the stress 
system. Testing is therefore necessary under 
different stress systems as well as with different 
stress raisers in order to arrive at comparable 
figures. 

interstitials and fracture of metals I. E. 
Scott and A. R. Troiano (Nature, 1960, 185, 
Feb. 6, 372-373) Hydrogen in steel and de- 
layed brittle failure are considered. The incu- 
bation period depends on the time required to 
accumulate a critical concentration of hydro 
gen in the region of maximum triaxiality. 
Notches or other stress raisers bring about 
these stresses. The crack initiation and propa- 
gation processes are discussed. 

Friction-testing equipment for small cylin- 
drical specimens G. Rust (Materialpriifung., 
1960, 2, Jan. 20, 17-18) A description of the 
design and operation of the equipment is 
followed by a note of the results of the deter- 
mination of yu for the pair Al-Carbon steel. 

Mixed friction as a physico-chemical solid 
body problem. Influence of metal plasticity on 
the kinetics of mixed friction A. Knappwost 
and E. Burkard (Z. Metallk., 1959, 50, Sept., 
540-545) Equations for mixed friction (liquid 
solid) in the Coulomb region are derived, and 
friction experiments with the pairs Fe—Mg, 
Fe-Sn, and FeAl are described. It is shown 
that avoidance of the region by 
making use of the plastic properties of the 
material can lead to very low coefficients of 
friction (2-5 x 10-3) in the combination Fe- = 

Friction and wear of metals to 1000°C 1. 
Kingsbury and Rabinowicz = ( ase 
ASME(D), 1959, 81, June, 118-122) An in- 
vestigation is described on the friction and 
wear of Zn, Cu, Ti, and 1020 steel at tempera 
tures up to 1000°C. Sliding experiments were 
carried out using a pin-on-dise friction appara- 
tus incorporated in a metallurgical furnace. At 


Coulomb 


room temp. the results with steel but not with 
the other metals depended markedly on the 
atmospheric moisture content. As the temp. 
was raised to 400°C the friction and wear rate 
of the steel reached a maximum at 100°C and 
then diminished while with the other metals 
the friction remained constant and the wear 
rate increased. These and other results are dis- 
cussed in terms of the W/p ratio for the metals, 
w being the surface energy and p the hardness. 
It is postulated that materials with low W/p 
ratios should have favourable friction proper- 
ties at high temperatures,—-D.L.c.P. 

The wear of steel rails and tyres in railway 
service J. Dearden (Wear, 1960, 3, Jan., 43-59) 
The wear of rails and tyres is reviewed and the 
economics of the problem as it affects British 
Railways is discussed. The author also gives 
numerical values for rail and tyre wear under 
different conditions and indicates means of 
reducing wear, for instance by flame-hardening 
of the tyre soles.—T.a. 

A new method for the determination of wear 
of machine parts M. M. Khruschov (Wear, 
1960, 3, Jan., 60-71) The author suggests the 
use of special marks such as diamond-cut 
grooves as reference points for assessing the 
wear of machine parts. Such reference marks 
enable the duration of wear tests to be cut 
down and offer the advantage of high accuracy 
in the estimation of the wear rate.— 7.6. 

Piston ring friction— rig measurements with 
low viscosity oils A. de Faro Barros and A. 
Dyson (J. Inst. Petroleum, 1960, 46, Jan., 1-15, 
discussion 15-19). 

New wear resistant steel is easy to heat treat 
(Steel, 1960, 146, Jan. 18, 100-101) Properties 
of a new alloy ‘Carpenter Hi Wear 64’ are des- 
cribed. The composition is 1-5%C; 2-04%,Mn; 
0-25%8i, 0-90%Cr, 1:0%Mo; 4:0°,W. This 
alloy ‘has excellent wear resistance at room 
temp. and is used for punches, dies, shear 
blades, and for handling abrasive materials. 

Nondestructive testing in the steel industry 
J.B. Austin (Blast Furn. Steel Plant, 1960, 48, 
Feb., 174-178) A general review of types of 
test in use, methods of calibration, and the 
application of non-destructive testing to pre- 
ventive maintenance. In the system used by 
United States Steel Corporation, items likely 
to fail are checked periodically, and frequency 
of testing is increased in cases where irregu- 
larities are observed. 

Optical measurement of principal stresses 
Acloque (Engineer, 1959, 208, Dec. 4, 754) An 
account of the clinopolariscope for use with 
transparent materials. 

Optics on machine tools A. Metz (.Maschinen- 
welt Elek., 1959, 14, Aug., 375-378) Several 
examples are given of the use of microscopes 
and telescopic equipment. 

Anisotropy of crystals and the structure of 
the Debye ring in the stressed specimen G. I. 
Aksenov and V. A. Moschanskii (Fiz. Met. 
Metalloved., 1959, (6), 847-854) A theoretical 
analysis of the conditions for the reflection of 
monochromatic light from the atomic surface 
of a linearly stressed polycrystalline aggregate, 
given by one of the authors (Aksenov, Zh. 
Fiz., 1926, 6, (2) ) has established that elastic 
deformation must be accompanied by a shift 
in the Debye line in the X-ray photographs. 
The present experimental work, by the 
measurement of the residual stresses, has fully 
confirmed the theoretical results. 

Fluorescent penetrant method for casting 
inspection A. Lindgren (Mod. Castings, 1959, 
36, Oct., 105-110) The application of magnetic 
ink crack detection methods for the inspection 
of malleable castings is described.—aA. Db. H. 

Cast epoxy models A. W. Wakeman (Prod. 
Eng., 1959, 30, Dec. 21, 60-64) A rapid process 
for casting models and prototypes is described. 

Magnetic and penetrant methods of non- 
destructive testing H. J. Bezer (Inspection Eng., 
1959, 23, Sept.-Oct., 97-102) An illustrated 
account of methods. 

Investigation of the transformation in alloyed 
Permalloy M. P. Ravdel’ and Ya. P. Selisskii 
(Fiz. Met. Metalloved., 1959, (6), 885-892) The 
specimens were of the Fe—Ni alloy nearest to 
Ni,Fe (Permalloy) composition, and alloyed 
with Mo, Cu, and Cr, also with such elements as 
Mn, Si, W, and V. The electrical resistance and 
the magnetic properties measured by dilato 
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meter and thermal magnetometer have shown 
different effects due to the alloy elements, so 
for example, addition of 3%Mn (on the Fe 
content), intensifies appreciably the ordering 
of the Ni,Fe alloy and this results in a con- 
siderable reduc tion of the electrical resistance 
The volume effects also, due to disordering, are 
more intense than in the binary alloys. The 
experimental! results for the other elements are 
tabulated. 

Magnetic properties of steel as a basis for 
structure analysis G. S. Tomilov, M. N. 
Mikheev, and M. F. Pomukhin ( Fiz. Met. 
Metalloved., 1959, (2), 176-181) The relations 
between the magnetic and the mechanical 
properties of steel and the microstructure, 
have first to be investigated before it is 
possible to design magnetic control apparatus; 
for example, in low-carbon structural steels 
with alloy elements, a direct relation between 
hardness and coercive force is very often 
observed over the entire range of thermal] 
treatment, and this makes it possible to intro- 
duce magnetic control without difficulty. In 
addition to the existing control methods for 
the quality of the thermal treatment of steels 
quenched to martensite and subjected to a 
high temp. anneal, an automatic magnetic 
control method is possible for temp. above 
220°. 

Determination of suitable test conditions for 
the Magnaflux method G. Beckmann and 
H. Dahne (Neue Hiitte, 1960, 5, Feb., 89-98) 
The technique and its limits of detection are 
reviewed, examples are given, and possibilities 
of developing tests with results acceptable to 
different parties are discussed. 

The effect of finely dispersed precipitates on 
the coercivity of transformer owe R. Wagner. 
(Acta Met., 1959, 7, July, 523 525) A letter. 
Tests of 4-1°,Si steel with C, Mn, P, 8, and Cu 
in small amounts showed a rise of coercivity at 
500°C. Electron micrographs disclose the 
separation of constituents the sizes of which 
are estimated and their effects discussed. 

Ferrimagnetic resonance line widths and 
phase distributions in sintered yttrium iron gar- 
nets L. G. Van Uitert, F. W. Swanekamp, and 
S. Preziosi (J. Amer. Ceram. Soc., 1959, 42, 
Oct., 471-473). 

Domain structure of nickel and iron crystals 
J. Kocinski (Acta Phys. Polon., 1959, 18, (3), 
169-189). 

Surface-integral methods of 
forces on magnetized iron parts © 
(Proc. Inst. Elect. Eng., 1960, 
19-28). 

Transformer laminations British Thomson- 
Houston Co. Ltd (Iron Steel, 1960, 33, Feb., 
77-78) An account is given of the manufacture, 
treatment, and testing of cores produced in 
cold-reduced, grain-oriented steel. 

—* ag acteotrony in an iron oe 
alloy J. Kouvel (. . Appl. Phys., 1959, 30, 
April, 31. 30 314s). 

Radiation effects on the anisotropy and 
magnetostriction of single crystals of several 
soft magnetic materials including Ni, Fe, 
Fe,0,, and alloys of ? Fe, Si-Fe, Al-Fe, 
Co-Fe - Mo-Ni-Fe R. ©. Hall, W. 8S. Byrnes, 
and R. G. Crawford (J. Avet Phys., 1959, 30, 
April, 288s 289s). 

Anisotropy constants of iron and iron-silicon 
alloys at room temperature and below ©. LD. 
Graham, jun. (J. Appl. Phys., 1959, 30, April, 
317s). 

On the nature of defects in the magnetic 
structure of wiistite W. L. Roth (J. Appl. Phys., 
1959, 30, April, 303s-304s) Neutron diffraction 
measurements on FeO at 290°K and 4:2°K 
were made. 

Synthesis of a (110) (001) type torque curve in 
silicon iron C. G. Dunn and J. L. Walter (J. 
Appl. Phys., 1959, 30, April, 320s). 

Magnetic contributions to the elastic con- 
stants of nickel and an Fe-30°.,Ni alloy at a high 
magnetic fields G. A. Alers, J. R. Neighbours, 
and H. Sato (J. Appl. Phys., 1959, 30, April, 
231s-232s). 

Nucleation of ferromagnetic domains in iron 
whiskers KR. W. De Blois and C. P. Bean (J. 
Appl. Phys., 1959, 30, April, 225s-226s). 

Effect of impurities on the temperature de- 
pendence of the (110) (001) texture in silicon- 
tron J. E. May and D. Turnbull (J. Appl. Phys., 
1959, 30, April, 210s—212s). 


calculating 
J. Carpenter 


107, March, 





Influence of plastic deformation on the time 
decrease of permeability in transformer steel 
A. K. Smolinski, Z. Kaczkowski, and M. 
Zbikowski (J. Appl. Phys., 1959, 30, April, 
195s—199s). 

Effect of magnetic annealing on the proper- 
ties ¥ (196) {001} oriented 3}°,, silicon-iron 
strip H. C. Fiedler and R. H. Pry (J. Appl. 
Phys., Samm 30, April, 109s—110s). 

Development of metallurgical structures and 
magnetic properties in iron silicon alloys R. H. 
Pry (J. Appl. Phys., 1959, 30, April, 189s 
193s). 

Temperature dependence of ~” magnetic 
properties of nickel iron alloys J. J. Clark and 
J. F. Fritz (J. Appl. Phys., 19! x 30, April, 
105s—107s). 

Saturation magnetization and Curie points in 
~ alloys of iron A. Arrott and J. E. Noakes 

Appl. Phys., 1959, 30, April, 97s-98s) Fe 
ry ‘alloys are examined, 

Magnetic properties of metals and alloys: 
Magnetic contribution to the anomalous y-loop 
ay of Fe-Al alloys R. Kikuchi and H. Sato 

. Appl. Phys., 1959, 30, April, 92s—94s). 

' Ferromagnetism of an imperfect crystal by 
the Ising approximation J. Seiden (J. Phys. 
Radium, 1959, 20, Nov., 876-889). 

Magnetic properties 7 solid solutions of 
Fe ,0, and FeAl 20, S. J. Pickart and A. C 
Turnoc k (J. Phys. Chem. Solids, 1959, 10, July, 
242-244) A letter 

Siow domain wall motion in homogeneous 
vacuum-deposited iron nickel films R. W. 
Olmen and FE. N. Mitchell (J. Appl. Phys., 
1959, 30, April, 258s—259s). 

Anisotropy field measurements of Ni-Fi thin 
films K. G. Alexander (J. Appl. Phys., 1959, 
30, April, 266s 267s) 

The use of polarized neutrons in determining 
the A sony scattering by iron and nickel 
R. Nathans, C. G. Shull, G. Shirane, and A. 
Andresen (J. Phys. Chem. Selids, 1959, 10, 
July, 138-146). 

Barkhausen effect in nickel-iron films N. ¢ 
Ford, jun. and E. W. Pugh (J. Appl. Phys., 
1959, 30, April, 270s—271s). 

Influence of substrate processing on the mag- 
netic properties and reproducibility of evapor- 
ated nickel-iron films K. H. Behrndt and F.S. 
Maddocks (J. Appl. Phys., 1959, 30, April, 
276s—277s). 

Reduction of saturation magnetization of 
y-Fe,0, and Fe,0, by pile irradiation W. EF. 
Henry and E. I. Salkovitz (J. Appl. Phys., 
1959, 30, April, 286s-287s) Studies at 4-2°K 
are reported. 

Magnetic anomaly of magnetite A. S. Mil’ner, 
E. F. Koftun, and I. N. Popov (Fiz. Met. 
Metalloved., 1959, (6), 832-836) The magnetio 
properties of magnetite have been investigated 
between 75 and 100°K also the effect of a 
change in the sign of the magnetic anisotropy 
over the transformation temp. on its magnetic 
properties at lower temp. When switching on 
and off a magnetic field or simply cutting it 
off for short periods in the region of 75°K the 
magnetization of magnetite previously cooled 
in a magnetic field falls. This is because the 
anisotropy constant increases steadily from 
zero value to 120°K and lower. The value of 
the jump in magnetization of the magnetite 
below 100°K, depends on the temp. at which 
the field was applied during cooling. This 
effect is due to the non-uniformity of the stoi- 
chiometrie content of the specimen. 

Changes in the Debye temperature during the 
ordering of Fe,Al alloy 8S. A. Nemnonov and 
L. D. Finkel’shtein (Fiz. Met. Metalloved., 
1959, (6), 944-945) Since the Debye tempera- 
ture of pure metals in the annealed and de- 
formed conditions is the same, it may be con- 
cluded that, by itself, deformation, not con- 
nected to redistribution of the alloy element, 
does not result in a change in the Debye tem- 
perature, and that such a change in the Fe,Al 
alloy may possibly be ascribed to the effect of 
disordering. 

A comparison of static and microwave 
measurements of magnetocrystalline aniso- 
tropy in cobalt manganese ferrite kt. ’. Pearson 
and R. W. Teale (Proc. Phys. Soc., 1960, 75, 
Feb. 1, 314-316). 

Magnetic properties of hematite single 
crystals. 1: Magnetization isotherms, anti- 


ferromagnetic susceptidility and weak ferro- 
magnetism of a natura! crystal S. 1. Lin (| Phys 
Rev., 1959, 116, Dee. 15, 1447 145 Measur 

ments from #88 K to | id He te ». ar 
made. 

Measuring magnetic induction in eiectro- 
technical steel with a magnetic field strengta of 
10 amp turns'cm ©. 1. Gornshtein and M 
Leshchiner (Zavods. Laub., 1959, (12), 1427 
1428) Rectangular 500 « 30 mm specimens in 
batches of 10 kg are tested. Three special per 
meameters of special construction are described 
and readings obtaimed on all three are com 
pared. 

Quantitative determination of texture in 
cold-rolied transformer steel V. V. Druzhinin 
and I. P. Kudryavtsev (Zavods. Lab., 1959, 
(12), 1425-1427) Magnetic induction was 
measured on 45x 160 mm sheets at 25 amp. 
turns/em. Then strips with rather larger 
grains were measured for magnetic induction 
at By, from 20000 to 17000 Gauss. The speci- 
mens were then etched electrolytically before 
the crystal orientation was optically deter- 
mined. It is possible to conclude from the find- 
ings that even for specimens with low induc 
tion there are no crystals with disordered 
orientation. For a quantitative determination 
of texture a relation must be established 
between the amplitude of harmonic curves and 
the dispersion angles, 

Efficient methods of assessing the magnetic 
properties of cold-rolled transformer steel V. G 
Borisenko (Zavods. Lab., 1959, (12 1422 
1425) The possibility of using the value of the 
coercive force to classify sheets of cold-rolled 
transformer steel according to their magnetic 
properties was undertaken experimentally. By 
measuring the coercive force on whole sheets 
and then cutting the sheets into standard 
specimens and testing in 10 kg batches on the 
Epshtein differential apparatus it has been 
shown that for 0-35 mm thick sheets, there is a 
sufficiently relation between coercive 
force and total specific losses within an induc- 
tion range from 10000 to 17000 Gauss and that 
this can be used to sort out low grade sheets. 

Non-destructive methods of investigating 
electro-technical sheet steel Kk. I. anus 
(Zavods. Lab., 2959, (12), 1421-1422) Modern 
techniques make possible the construction of 
apparatus to measure any magnetic property 
on whole sheets with the required precision. 
But the greater the more com- 
plicated and costlier the apparatus. These con 
siderations are the subject of this article by the 
author from the Institute of Metal Physics of 
the Academy of Sciences USSR. 

Determining the properties of electro- 
technical steel (Discussion summary) ( Zavods. 
Lab., 1959, (12), 1415-1417) In spite of the 
introduction of new control methods, watt- 
meter and ballistic methods remain and will 
probably remain for a long time, the main 
methods for these steels. Nevertheless a stand- 
ard wattmeter or ballistic method of determin 
ing the properties does not yet exist. Sample 
taking according to GOST 802-58 is not always 
satisfactory. In view of the great expansion in 
the use of electro-technical steels (especially 
thin-rolled) new electrical and magnetic char- 
acteristics are needed. In elaborating the tech- 
nology of the production of cold-rolled textured 
steels, in addition to the electrical and mag 
netie characteristics, new metallographic con- 
trol methods are needed for determining the 
crystallographic and magnetic anisotropy. 

Magnetic metallographic analysis of nis 
high speed steel 1}. M. Strunina and M. N. 
Petrova (Zavods. Lab., 1959, (9), 1092) The 
method is based on the fact that colloidal 
magnetic particles applied in the form of a 
paste on a miucrosection concentrate them- 
selves on ferromagnetic phases so that the non- 
magnetic particles are set free. A pattern then 
appears on the microsection which makes it 
possible to study under the 
distribution of the 
magnetic phases. 

Magnetic d inc tite M. Hillert 
and N. Lange (Jernkont. Ann., 1959, 143, (7), 
414-425) The zebra-like pattern observed in 
cementite when observed under polarized light 
with crossed polars is discussed, and explained 
on the assumption that the pattern represents 
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Internal ferromagnetic resonance in magnet- 
ite J. ¢ Anderson a $ Donovan (Proc. 
Phys. Soc., 1960, 75, Jan., 149-151). 

Rotational hysteresis lois in grain-oriented 
silicon iron W.F. Archenhold, H. F. Sandham, 
ind J. | Thompson (Bra. J Phys., 
L¥buU, il, Jaun., 46-49) An torque 
magnetometer was used. 

Rimmed steel magnetic sheetshow they 
were produced for the proton synchrotron G. 
Odone and B. Sommacal (J. Met., 1960, 2, 
Feb., 156-157) An outline of the manufacture 
and magnetic properties of steel sheet used for 
the construction of magnetic blocks in the 
25-bev proton synchrotron of CERN at Geneva. 

Magnetic anisotropy of Fe’* ion in siderite 
A. Mookherji and 8. C. Mathur (Indian J. 
Phys., 1959, 33, Sept., 410). 

Defectoscopic investigations of rails in mag- 
netic fields in motion. 14. The spectra of signals 
from certain defects V. V. Viasov and G. G 
Ushakova (Fiz. Met., Metalloved. 1959, (6), 
837-841) The frequency of the corresponding 
maxima of spectral densities of signals from 
defects, with the of motion of the 
defectoscope, are practically the same. The 
spectra of signals, with increasing velocity of 
the defectoscope change and the maxima of 
spectral densities are displaced towards higher 
frequencies. 

Defectoscopic investigation of rails in mag- 
netic fields in motion. 16. Studying the appear- 
ance of the facets by their reaction in the pri- 
mary field V. V. Viasov and L. I. Korobkova 
(Fiz. Met. Metalloved., 1959, (6), 937-939) The 
experiments have shown that the defects 
corresponding to the transverse crack in the 
head of the rail in the zone of the relatively 
weak external fields shows up better with a coil 
placed on the second, 8S pole of the electro- 
magnet than on the first, the N pole 

Defectoscopic investigations of rails in mag- 
netic fields in motion. 17. The study of current 
in the rail when excited by the transverse field 
V. V. Viasov (Fiz. Met. Metalloved., 1960, (1), 
25-30) A generator is described for inducing 
eddy currents in rails by means of a transverse 
magnetic field. The immediate changes in the 
magnetic field without 
studied. An approximate calculation is given 
for the of the eddy currents induced in 
the rails during the motion of the generator 
over them. 

Solubility of carbon in _— as determined by 
the magnetic aftereffect J. Singer and E. 
Anolick (J. Appl. Phys., 3 59, 30, April, 19: Me 
194s) A slightly lower value was found than 
that derived from internal friction measure- 
ments: (0-006°, at 600°). 

The electrical properties of Armco iron and 
beryllium F. K. Lampson (NE PA-1860; PN 
to 90, 1951, May, pp.9; from US Res. Rep., 

1959, 38, Aug. 14, 238) Measurements up to 
2450°F were made on Armco iron and on Be 
from 2000°F. 

The Lorenz constant for steel P. G. Morgan 
Tron Steel, 1960, 33, Jan., 28-30) A review is 
given of recent Russian work on the effects of 
temp. composition and structure on the Lorenz 
constant for steels and two high-temperature 
alloys 

An introduction to ultrasonic testing. IV 
W. E. Schall (Inspection Eng., 1959, 23, Sept 
Oct., 103-106) The wall thicknes auge, the 
flaw locating rule, and the interferometer and 
their uses are outlined. 

Characteristics of the ultrasonic radiation 
field, with special reference to immersion 
testing J. Krautkramer (SS News, 1960, 
March, 4-11) The properties of ultrasound and 
flaw-size and the tech 
nique are reviewed 

Ultrasonic testing of welds 1). ©. Sproule 

Brit. Weld. J., 1959, 6, Oct., 470-479) Ultra- 
sonic procedures are reviewed. The measure- 
ment of echo-intensity and surface conditions 
are considered. Main principles such as the 
reflection at boundaries in solids, pulse length, 


Appl. 
unproved 


same rate 


motion have been 


\ alue 


immersion scanning 
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frequency, and resolving power are 
with illustrations. — + 

Ultrasonic testing of welds K. Hornung 
(Sulzer Techn. Rev., 1959, 41, (1), 81-86) A 
system for rapid testing in the workshop and 
in the field is described. It detects even small 
flaws and makes pressure testing of pipe lines 


discussed 


unnecessary 

Ultrasonic testing and sorting of welded 
tubing M. H. Allard (Autom. Prog., 1959, 4, 
Dec., 396-399, 401) Principles of ultrasonic 
testing are outlined, and a method of 100°, 
ultrasonic testing of welded tube, operating at 
the same speed as the production line, 
cribed. The equipment is synchronized with 
the saw, and marks the position of flaws. 

investigation on a cast steel ship’s propeller 
for the interpretation of defects shown by ultra- 
sonic testing K. Felleht, A. Walzel, and H.-J 
Drese (Neue Hiitte, 1960, 5, Feb., 99-105) A 
detailed examination of the propeller, previ- 
ously shown by ultrasonic testing to be defec- 
tive, showed that micro-cavities in two posi- 
tions had been accurately delineated by the 
instrument, but other faults, such as blow 
holes and cracks, had not been detected. It was 
concluded that the faults detected, occurring 
at the transition from blade to hub, were 
normal and would not require scrapping the 
propeller, while the more significant faults had 
not been detected 

The railway axle ultrasonic test assembly 
J. Krautkrimer and H. Krautkramer (SS 
News, 1960, March, 12-14). Ultrasonic rail test 
assembly (15-16) 

A nondestructive method to detect pipes and 
cavities in hot steel blooms a. the rolling- 
rocess by means of betatron, X-ray-image- 
intensifier and television-setup W. Lueckerath, 
rs Fink, R. Flossmann (Nondest. Testing, 
1960, 18, Jan.-Feb., 27-34) The range of 4-8 
in. steel is covered. Pipes with a width of } in. 
in the direction of the 
Slag-free 
ties are 


is des- 


beam are made visible. 

and slag-containing shrinkage 
not distinguished. The 
40 ft/mun. 

Radiographic inspection techniques for weld 
examination RK. Halmshaw (Brit. Weld. J 
1959, 6, Oct., 456-466) The detectability ot 
defects with the radiographic technique is dis 
cussed, A method for caleulating the 


cavi- 


max. speed is 


re 
sions of just-detectable cracks is given.— 
Simple electronic scanning system for the 
X-ray microanalyser A. Bernard, D. Bryson 
Haynes, and T. Mulvey (J. Se. Instr., 1959, 
36, Oct., 438 444) An electrostatic deflector 
system for manual or electronic control of an 
electron probe is described with an account of 
its use for examining the spark 


hardened layer 
op a steel pip. Statistical 


graininess limitations 
of the image are noted 

Notes on the use of radiographic inspection in 
naval construction I’. Sanchez Laulhé and C. 
Garcia Maurino (Cien. Tecn. Solda, 1959, 9, 
May June, 1-10) Some deta are given on the 
radiog rraphic inspection services at the ship 
yards of Empresa Nacional Eleano of Seville. 


X-Ray investigation of austenite during 
arg een transformation |... 8. Palatnik and 

\. Tananko (Fiz. Met. Metalloved., 1959, (6), 
a 846) A method is explained permitting 
thermal treatment directly in the X-ray room 
and thus recording the stages of the ~a trans- 
formation in the intermediate domains. 
the analysis of the different interference spots 
311) of the phase it has been shown that the 
thermal transformation of austenite in the 
intermediate domains results in a change of 
structure which is due to a 
crystals, i.e. to much finer 
blocks, fragments) and to the 
with the appearance of microstresses 

X-Ray analysis of small amounts of residual 
austenite G. M. Rovenskii and I. Ermolo 
(Zavods, Lab., 1959, (11), 1330-1332) With low 
austenite contents it 18 not possible to measure 


From 


refining of the 
erystal elernents 
ir disorientation 


the intensity of radiations very weal 
with those from the 


as com 
pared martensite, It is 
intensity of 
‘radiation by a local absorber so 
intensity of the austenite 
measured, This is the 
proposed method. 

The change of lattice constants of iron-rich 
iron aluminium alloys with heat-treatment |. 


however possit le to weaken the 
the martensite 
that the 


ruald be 


radiations 
principle of the 
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Lihl and E. Burger (Arch. 
Feb., 129-132) Fe-Al alloys containing 8-6 
30-4°. Al were studied by X-ray analysis after 
various heat-treatments. It was found that the 
discontinuities in the lattice-constant concen 
tration curve found by Bradley and Jay are not 
real, but are caused by variation in the cooling 
conditions. Alloys with more than 12°,Al show 
such a tendency to order that it was not pos- 
sible to obtain them in the disordered state. 

The theory and practice of —— testing 
of winding ropes 1. Harvey and H. Kruger 
(Trans. S. Afr. Inst. Elect. Eng., 19! Ay 50, June, 
126-166, discussion 166-181) A very complete 
account of work for the S. African mining 
industry. 

X-Ray and neutron scattering from electrons 
in a crystalline field and the determination of 
outer electron configurations in iron and nickel 
R. J. Weiss and A. J. Freeman (J. Phys. 
Chem. Solids, 1959, 10, July, 147-161). 

X-Ray diffraction pattern of carbide in low- 
carbon iron-silicon alloys (. Konoval, L. 
Zwell, L. A. Gorman, and W. C. Leslie 
(Nature, 1959, 184, Dee. 12, 1862-1863) A 
needle-like constituent of 3-25°,Si iron meta- 
stable to cementite was examined. Raising the 
C to 0-06%, quenching and ageing gave a 
structure which produced an X-ray diffraction 
structure which was not, however, identifiable. 

Measurement of tinplate thickness using 
fluorescent X-rays excited by a radioactive 
source J. F. Cameron and J. R. Rhodes (Brit. 

Appl. Phys., 1960, 11, Jan., 49-52) Tritium 
‘bremsstrahlung’ was use d as source. 

Radio-isotopes and Soviet steel A. 1. Tesmen 
(Met. Prog., 1959, 76, Sept., 115-120) The use 
of radioactive tracers in blast-furnace burden 
investigations, control of blast-furnace refrac- 
tory wear, automatic control of charge level, 
and steelmaking investigations in the Soviet 
Union are described. 

Radiation damage in metals LD. Peckner 
(Mat. Design Eng., 1960, §1, Jan., 83-93) The 
causes and effects of radiation damage on 
various metals are explained and a method of 
restoring the properties of damaged specimens 
by post-irradiation heat treatment is suggested. 


Radiation damage: its mechanisms and mani- 
festations in reactor materials R. J. Bosnak 
(J. Amer. Soc. Nav. Engq., 1960, 72, Feb., 15 
23) A general account of the theory of radial 
tion damage and its effects on the mechanica- 
properties of substances including steels 

The technical applications of radioisotopes 
G. Propstl (V DIZ, 1960, 102, Feb. 1, 138-141) 
\ review of the literature dealing with applica- 
tions to textile engineering 
ing, metallurgy, materials te sting, and changes 
materials resulting from 


Eisenh., 1960, 31, 


, chemical engineer- 


of properties of 
irradiation (96 refs). 

Comparison of parameter methods for extra- 
polating high-temperature data . M. Goldhoff 
(Trans. ASME J. Basic Eng., 1959, 81, Dec., 
629-644) Three parameter methods are com 
pared statistically for their ability to reproduce 
the isothermal data on which they are 
and comparisons are made with long-time 
extrapolations based on direct plotting of 
experimental data. In general, predictions of 
long-time results will give better 
results than long extrapolations on double- 
logarithmic plots, 

Cast and wrought alloy steels. ae 
temperature properties Kk. K. Bubr and W. A. 
Morgan (Mod. Castings, 1959, 36, Oct., 61 = 
fhe mechanical properties of four steels cor 
taining 0-38°,C, 0-1-68°%,Ni, 1-5%Cr, 0-4 
1-7°, Mo, and 0-0-32°,V were determined in 
the cast and wrought conditions over the temp. 
range 70-1000 F, Although at room temp. the 
duetility of the cast samples was low it was 
comparable with that of the wrought condition 
at elevated temp. The 
hardening which is due to precipitation of 
allov carbides.—a.p. 

Effect of prior cold work on the high tem- 
perature properties of a chromium molybdenum 
steel P. Shahinian (PB wore 1955, June, 
' 21; from US Res. Rep., 1959, 31, June 12, 
170) Measurements at 370-540 C after 0, 8 
15, and 39 reduction of cross-section are 
desert bed. 

Method for determining the heat resistance 
of cast iron N. N. Aleksandrov (Zavods. Lab., 


based, 


working 


steels show secondary 


August 1960 


1959, (11), 1335-1336) The 
obtaining comparative results for the heat 
resistance of cast irons with any form of 
graphite inclusion is by assessing their resist- 
ance to scale formation from the increase in 
weight. To determine the other characteristics 
of heat resistance, i.e. the tendency for growth, 
it is best to use cylindrical specimens with pins 
of LKh1I8N9T steel screwed into the ends for 
measuring on an extensometer. 

The determination of the hot wr point of 
steel F. Kérber and A. Pomp (SLA 5920476; 
translated from Trans. ra Wilhelm 
Institut Eisenforschung Mitt., 1930, 12, (12), 
165 - from US Techn. Trans., 1960, 3, 
Jan. 8, 51) Conditions of loading are studied. 

Assessment of the heat resistant properties 
with time of heat-treatment resistant steels 
A. D. Stanyukovich and N. D. Zaitsev 
(Zavods. Lab., 1959, (9), 1101-1106) This 
assessment is based on testing, at a constant 
rate of deformation. Plastic properties change 
with temp. and are 
coordinates 


only method ot 


plotted on semilogarithmic 
showing a V-shaped ourve. A 
reduction in the rate of deformation shifts the 
curve towards lower temp. From the V-shaped 
family of curves it is possible to find the mini 

mum deformation capacity of the steel in rela 

tion to temp. The relation between the relative 
elongation and the rate of deformation at con- 
stant temp. can be expressed as a power func 

tion. The deformation capacity of heat 

resistant steels may be approximately expres 

sed by a plasticity diagram constructed by 
extrapolating the experimental data. 

The effects of solute elements on the strength 

properties of iron- and cobalt-base alloys A. K. 
Wolff, E. E. Underwood, R. E. Maringer, and 
G. K. Manning (WADC Techn. Rep., 59-258; 
ASTIA Doc. AD 215432, PB 161043, 1959, 
April, pp.63) Fe -Cr alloys were investigated 
for high-temp. deformations in regard to temp., 
strength, stability criteria, lattice strain, and 
valency changes. 

Investigating the properties of titanium alloys 
IV. Properties of the ternary alloy of the Ti-Al 
Fe system I. [. Kornilov, E. N. Pylaeva, and 
M. A. Volkova (Fiz. Met. Metalloved., 1959, 
2), 182-186) The heat resistance of Ti alloys 
is a function of the chemical composition and 
of the structure of the ternary Ti-Al-Fe sys 
tem. The highest resistance is shown by alloys 
in the region of saturated or super-saturated Ti 
ternary a-solid solutions. These solutions con 
tain from 3 to 8°, Aland 0-5°,,Fe. 

Design and construction of an adiabatic 
high-temperature —— E. Scheil and 
W. Normann (Z. Metallk., 1960, 51, March, 
159-164) The calorimeter is inte nded for 
measuring the heat of mixing of metals at the 
temp. of mixing. The reasons for choosing the 
adiabatic modification are explained. The 
design and construction is then described, the 
crucible proper is made of graphite surrounded 
by the sduiieeaien body of silver. Unfortu- 
nately, trouble with the insulation of the vari- 
ous electrical parts limited the application of 
the instrument to temp. below 450°C, i.e. to 
alloys as Pb-Bi. r.G. 

Measurements of thermal properties |. 1. 
Fieldhouse, J. ¢ Hedge, and J I. Lang 
WA DO-T R-58-274, A D-206892, 1958, May, 
Nucl. Sci. Abs., 1959, 13, May 31, 1214) 
steels 316, 347, and non-ferrous 
materials were examined. Conductivity, sp 
heat, and linear expansion 
from 100-3000°F or to the m.p 

The true specific heat of iron, nickel and 
chromium at high temperatures: New methods 
for the determination of the true specific heat 
of metals at high temperatures HH. — y and 
R. Kohlhaas (Forsch. Nordrhein estfalen, 
1960, (797), pp.115) This is a review of work 
earried out by various authors at the Univer- 
sity of Cologne on the determination of the 
heat of metals at high temp. Tl 
original results, reported elsewhere, are sum 


such low-temp. 


pp.87; 
Stainless 


were measured 


true specific 


pose one eof fs).—T.« 

Apparatus for measuring thermal conduc- 
tivity of ceramic and metallic materials to 
1200°C W. H Sutton y. lm. Cerar SOC us 
960, 43, Feb. 1, 81-86) Steady appar- 
atus tor measuring thermal conductivity by 
water calorimetry is deseribed, with acc 


state 


. 
uracy 





of approx. 1-3 in range 30 
10%, in range 300° -1 200°¢ 
of alumina, stainless steel, 
given S.H.-Ss 

Modern topics of diffusion in metals N. Kuni 
tomi (Met. Phys., 1959, 5, Nov., 238-252) [In 
Japanese | A review with captions in English. 

Directional detorming hydrogen diffusion in 
the solid solution and the strength of — 

V. Popov and V. A. Yagunova (Fiz. t 
Metalloved., 1959, (2), 187-192 
theses are current regarding H 
rhe present work 
brittleness due to 
microcay 


300°C and 3 
Curves for sarnples 


and graphite are 


Various ae 
, embrittlement. 
aims at assessing the H, 
internal pressures in the 

‘tional hydro gen 
Present 


ities because of dir 
deteuientian 
investigations point to the fact the diffusion 
rate is greater in deformed metal and that the 
time of deformation often exceeds 1 min. It is 
therefore that the pres 
iginal foci of the incipient cracks 
attain considerably than may be 
ealculated from the well-developed cracks and 
that the diffusion of H, into the micro-defects 
of the causes of steel brittleness 
Solubility and the OT of carbon in 
ferrite LL. S. Lifshits ( Vet. Metallove 
1959, (1), 31-37 <n A tt Seasten 
n ferrite and all other diffusion processes take 
there is a difference in concentra 
tion in the ferrite. The difference in the carbor 


diffusion during plasti 


reasonable to assume 
sures in the or 


larger value $ 


is one 


atoms 


place when 


concentration in the various portions of the 
specimen is conditioned by the non-uniformity 
of the carbides of the elements. With a 
high carbon content in a steel containing 
earbide-forming elements, the « 
litions bet ween combined and free carbon cause 
an increase in the carbon dissolved in the 
ferrite 


Nitrogen in high- ~manganese steels |. 
and A.A.Zhukov ( Lit. Proizv., 1959, (12), 24-27 
rhe contradictory nature of the effect of N in 
iron alloys is explained by the different nature 
of the solutions formed by it. In liquid iron 
and in ferrite the solubility increases with 
increasing temp. which is typical of 
of the Fe C and Fe 


quilibrium con 


solutions 
H type. In case of austen 
ite, the behaviour is observed. N, 
exists in austenite in the form of crystalline 
compounds which dissociate with increasing 
temp. Mn, like y-iron, has a negative sol 
bility coefficient for N, forming with it sol 
tions with che I Furthermore 
t stabilizes the austenite in steels and dimin 
ishes the intermittent reduction of solubility 
N, during the solidification of the melt 


Effect of palladium additions to iron, on its 
—— by a og V. 1. Arkharoy 
A. Kralina (Fiz. Met. Metalloved., 1959, (1), 
A 52) The H, pe mae of iron is increase: 
by additions of 0-5°,Pd and this permeabilit 
occurs mainly at the b« Permeability 
into the volumes of the ervstals is conditioned 
mostly by the joints between blocks in the 
sub-erystal structure. The effeet of Pd add 
tions may be explained by its adsorption 
The partitioning of alloying elements in 
malleable irons (;. Sandoz (NIL Report 5268; 
PB 151413, 1959, Feb., pp.26) Partitioning of 
several alloving « 
ite and austenite 


reverse 


u 
1 


mical type bonds 


and 


yundaries. 


lements between the cement 
phases of irons during first 
stage graphitization has been determined. V, 
r, Mo, and Mn (not as MnS) concentrate in the 
and small amounts of Si, Cu, 
Al are found. The mechanism by 
which alloying elements influence 
tion is discussed 


cementite phase , 


,» Co, and 
graphitiza 
33 refs). 

Effect of titanium on the properties of boron- 
containing steel Ya. 12. Gol’dshtein and L. L. 
Pyatakova (lit. Proize., 1959, (12), 28-31 
Different boron steel were investi 
gated, after being remelted in industrial acid 
electric furnaces and in basic OH furnaces. The 
effect of different melting conditions, of the 
of the deoxidizing agents, and of the 
residual Al on the hardenability in depth are 
tabulated. Similarly findings for different 
deoxidizers and micro-alloyving on impact 
strength, on mechanical properties and cold 
shortness are shown. The combined effect of 
Piand B on grain growth was also investigated. 
As a conclusion, it is pointed out that the 
advisability of Ti additions must be decided 
gard to the of the 


types of 


nature 


having re intended purpose 


steel and to the conditions of its subsequent 
mechanical and thermal treatments 

Titanium-bearing steels for nitriding L 
Gillemot and T. Tomory (Gép, 1958, 10, (5-6), 
177-184: from Hungarian Techn 1bs., 1959, 
11, (3), 92) Ti increases rate of nitriding so that 
the process takes 5 h instead of 50h. Advan 
tages for parts subject to alternating stresse 
are specified 

Precipitation hardenable iron aluminium 
alloys W. J. Buehler and C. G. Dalrymple 
NAVORD Rept. 6252; PB 140383, 1959, 
Jan., pp.25; from US Res. Rep., 1959, 32, 238 
Hardening effects of Ti, Cu, and Ni on an alloy 
with 8°.Al were measured 

Special cast irons P. Lema! (Rev. U> 
Vines 1960, 16, Feb., 81-85 Phe author 
reviews a number of special irons and their 
in chemical industry. The effect f the 
alloying additions on high temp. beha 


our, and resistance to attack and 


rial 
\ chemical 
abrasion are outlined 

Study of some properties of austenite cast 
irons containing between 5 and 10 nickel 
A. Meallier (Fonderie, 1959, (158), Mareh, 107 
124) The properties are examined of austenitic 
irons containing 5-10°.Ni and 4-4 
69°. Mn, the 5°,Ni alloy also containin 
3°6° Cu, 

Quality requirements of super-duty steels 
J.F. Elhott (AIM ME, Elect. Furn. Steel Conf 
Proe., 1958, 16, 47-53) The 


ma;rizes 
a number o papers presented at an 


I AIMME 


Conference on super-duty steels, outlining the 


cast 


author sun 


environments in which these steels are 
and the properties and structures requi 
withstand those en 


used, 
red to 
vironments G.F. 
Quality requirements of ag duty steels 
B. M. Shields 1IMME, El Furn. Steel 
Pros 1958, 16, 53-65) The author 
reviews the part of the AIMMI 
super-dutyv steels which deals with the 
involved in their production. He 
first air-melting in conventional are 
and then 


Conference on 
problem 
considers 
furnaces, 
discusses the 
advantages of the 


advantages and dis 
various new vacuum tech 
niques a. 

The selection of carbon —_ bars W. de Lima 
e Silva (Eng. Min. e Met., 1957, 25, Jan., 31 
34 March, 125-126 In Portuguese Phe 
author classification of carbon 
to ee ir method of manu 
facture, composition, 


discusses the 
steels with reference 
qual lit f- 
Each of these 


microstructure, 
and use 
briefly } 
Carbon steels for tools steels for tools and 
also for a ao F. J. Marifias (Met. y 
Elect., 1960, 24, Jan., 200-205) A survey of 
their varieties, composition, properties; and 
structure classified testing S.H.-Ss 
—— low- oy een gery eo P. Zehringer 
Univ. Mines, 1960, 16, 77-80) An 
phe of the problems and nature of brittle 
fracture is followed by an 
viour of plain C, 5 
Cr-N, Ni-Cr 
iow temp 
Engineering alloy steels: grades and general 
technical es GOST 4543-57, from 
US Techn. Tranal., 1959, 2, Nov. 6, 668 
Nickel steels F. Javier Marifias (Met 
1956, 20, June, 102-108; July, 
effect of Ni upon the 
nucrostructure, and eutectoid composition of 
steel is described. Heat-treatment is discussed 
and typical eempenitions, 


factors is examined 


account of the beha 
and 9°.Ni, au 


N, Mn—N, and Cr-Mn 


tenitic, 


N steels at 


Elect., 
60-69) The 


mechanical prope rties, 


applications, and 


uses are given. r 

The rational classification of the quality con- 
structional steels R. Calvo Rodes (Jnst. Hierro 
teero, 1959, 12, Oct.—Dec., 287) The 
author’s aim is to classify these steels into a 
group such that each member has accurately 
detined applications and thus avoid unneces 
ary multiplicity. Deformation, fracture, and 
mechanical behaviour of metals are discussed: 
steels as high strength materials are considered 
rhe high strength steels for this group fall in 
the range, 80-140 kg/mm? tensile strength and 
must cover sizes of up to 6 in. dia. Fifteen 
steels, with three wth are thus 
needed. Factors involved in the choice of such 
discussed; the three kev ones are 
hardenabilitv, M, ree ire, 
termper hardness P 


Wear-resistant cast steels Viallo: 


grades of strer 


steels are 


and potential 
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Vouv., 1959, 53, Nov. 31, 29-31) From the 
stand-poimt of echanical wear, the author 
examines the factors which should determine 
the choice of a steel; he deseribes the 


classes of cast steel 


principal 
studies some concret« 
examples, and concludes 


the ultimate 


with some advice to 
users of specially 
with remarks on turning, planing, 
lrilling of Si-Mn and Mn steels s.H.-Ss 

Practical estimation of composition balance 
and ferrite content in stainless steels L. Pryce 
and K. W. Andrews (./J/S/, 1960, 195, Aug., 
415-417) [This issue 

New high-strength stainless steels: Jethete 
series is based on 12° Cr United Steel Co. Ltd 
Brit. Ena Transport, 1960, 42, March, 260 
270: Met. Treat 1960, 27, Jan., 2 

Stainless steels for service at elevated tem- 
peratures (/rit. Steel., 1960, 26, Jan., 18-19) A 
description of the prope 
of the Jethete« 


Steel ¢ 


vear-resistant 


steels 


and 


ment, 


rties and applicatior 
series develope y United 
ompanies Ltd 

Special steels in the chemical industry 
RK. Berger (Rev. Univ. Mine 1960, 16, Feb., 
+76) The author examines the possible struc 
tural reactions in Fe—-Cr and Fe-Cr-Ni alloys, 
and discusses the effects onstituent 
rhe resistance to corrosion of Fe-Cr and 18/8 
alloys is then studied, followed by a discussion 
ilitv of Fe-Cr Ni-Mo, with 
particular reference to the action of dilute 
H,SO, an 1 boiling HNQOs. 

New ultra high strength steel United States 
Steel Corp. (Mat. Design Eng., 1960, §1, Feb., 
9, 11 An account of ‘USS Strux’ and its 
mechanical properties 

Tough steel features high-strength-to-weight 
ratio (Steel, 1960, 146, Jan. 18, 96) The proper 
ties and use of ‘USS Strux’ high strength 
alloy steel are outlined. The steel (0-4 to 
US ae | ean be tor 
treated to develop 
S00 000 psi It is 


of manor ¢ 


of the chemical stat 


heat 
280000 to 


ged, machined, 
strengths of 


and 


ised in the landing gear of the 
A3J Vigilante, a new jet 
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Method of metallographic analysis of the 
transition-type stainless steels A. S. Tarantova, 
G. G. Solov’eva, and L. M. Pevzner (Zavoda. 
Lab., 1959, (9), 1089-10901) The steels investi 
gated are the teels of the 
transition class (El 904, 


ageing stainless 
austenite martensite 
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corresponding to the complete dissolution of 
the chromium carbides and then cooling 
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without grain size anomalies, it is shown that 
grain size distribution in two and in three 
dimensions can be approximately described as 
a logarithmic normal distribution, and the 
grain size structure can be described in terms 
of geometric mean and scatter (26 refs). 

The photodensitometer for the structural 
analysis of metals and its application to cast 
iron T. Kusakawa, K. Nakamura, and 8. 
lijirmna (mono, 1959, 31, Sept., 800-805) Rela 
tive areas of graphite and ferrite are measured 
from micrographs and found to correlate with 
composition and mechanical properties. 

The microscope in engineering A. E. Bing- 
ham (J. Jun. Inst. Eng., 1959, 69, Aug., 359- 
382) A general account of apparatus with 
some account of uses, generally metallographic. 

Optical microscopy: a key to metallurgical 
progress f. E. Thomas (Bell Lab., Record. 
1959, 37, Dec., 457-463) The phase concept, 
and their recognition under the microscope is 
considered. The examples are non-ferrous. 

Apparatus for tilting extraction replicas 
through large angles in the electron microscope 
G. R. Booker and J. Norbury (J. Sci. Instr., 
1959, 36, Aug., 368-369). 

Rotating sample holder for microscopic 
observation of whiskers P. J. Bryant and P. L. 
Gutshall (Rev. Sci. Inst., 1959, 30, Dec., 1126 
1127) 

A carbon arc image furnace and microscope 
for studies at high temperatures H. W. Newkirk 
and B. B. Brenden (J. Amer. Ceram. Soc., 
1960, 43, March, 146-150) A description of a 
10 kW furnace with 12 in. mirror is given. 

Physical investigations at high temperatures 
of fuel ashes, slags and ceramics with the hot- 
stage microscope A. Metz (Rader Runds., 1959, 
(4), 612-616) The instrument is illustrated, its 
design and operation described, and some 
examples are given of its use. 

investigating the surface of fractures with 
the electron microscope A. G. Orlov and L. M. 
Utevskii (Zavods. Lab., 1959, (9), 1084-1087) 
A description of the procedure, etching, pre- 
paration of the surface, and replicas, etc. 

Diamond abrasive eases metallographer’s 
task E. C. Olden (Steel, 1960, 146, Feb. 8, 80 
81) A method for preparing metal samples for 
examination under the which 
retains flatness of the surface at edges and 
softer areas, and does not smear soft inclusions 
is described. Key to the method is the use of 
two diamond pastes, the first with 5 to 8 y, the 
second with 0-1 fe particles D.L.C.P 

Study of the depth to which deformation pro- 
ceeds during the preparation of metallographic 
sections F. Lilh and H. Mayer (Z. Metallk., 
1960, §1, March, 186-190) The aim of the study 
was to determine quantitatively the depth at 
which a deformation resulting from the pre- 
paration of metallographic sections can be 
traced. The tests were performed on copper 
and a mild steel, and show that samples 
ground wet take a deeper impression than 
those ground dry. Polishing with Al,O, leaves 
a rather deeply deformed surface layer. Elec- 
trolytic polishing removes the deformed layer 
completely. The mechanism involved in the 
deformation is different for copper and steel. 

The etching of double and treble phosphide 
eutectics in cast iron Ya. N. Malinochka and 

y. G. Osada (Zavods. Lab., 1959, (12), 1523 
153 In etching with an alkaline solution of 
potassium ferricyanide (10 g of K,Fe(CN), and 
4 2 NaOH in 100 g water) the dark cast iron 
takes on the colour in a boiling solution before 
the phosphides and cementite. If etched in the 
cold or in a solution heated to 40-60° only the 
phosphides are coloured light orange to dark 
brown depending on the temp. of the solution 
and the duration of etching 

New method of study of the gamma grain of 
steels and the role of aluminium nitride J. 
Pomey and G. Vigneron (Génie Civil, 1959, 
136, 3c. 15, 513-514) The surface of a steel 
sample is mirror-polished and heated to the 
desired temp., then a metal or alloy is fused to 
the surface which forms mixed crystals with it 
while cooling, and the preparation is examined 
microscopically. : 

Method of revealing the dendritic structure of 
carbon steel I. E. Levshin (Zavods. Lab., 1959, 
(11), 1333-1334) The method is based on com- 
bined etching. The specimen, first cleaned with 


microscope 


8.H.-S. 


a coarse and a smooth file is ground with 
emery paper 280 or 320 and degreased in 
alkali or alcohol, ground again with M14 or 
M10 paper then polished with a chromium 
oxide-impregnated cloth. Etching is carried 
out at 18-20° in a 10%, aqueous copper Heyn 
solution (CuCl,2NA,Cl) and then in an aqueous 
solution of picriec acid. During the process the 
surface of the specimen is rubbed every 30- 
50 sec. with a cotton-wool pad. The copper 
deposit is removed if necessary with ammonia. 
The specimen is again etched in a solution of 
picric acid for 5-6 h but has to be rubbed with 
cotton wool every 15-20 min. The specimen is 
again immersed in the Heyn solution for 30 
50 sec. and finally washed with hot water and 
dried. 

A metallographic technique for ferrites J. .. 
Hughes and S. Ratcliffe (Powder Met., 1960, 
(5), 81-84) A rapid polishing method with dia- 
mond on polytetrafluoroethylene laps. 

Electrolytic extraction of nonmetallic inclu- 
sions from steels by a modified Klinger-Koch 
method L. Brhaéek, J. Jandééek, and A. 
Smrhova (Hutn. Listy, 1959, 14, (k), 54-55) 
Advantages of the method described compared 
with the original Klinger-Koch method are 
that higher current densities can be used, thus 
shortening the duration of electrolysis; 
centrally symmetrical dissolution of the 
sample is obtained; filtration is improved, and 
manipulation is easier. Operational data are 
given. 

The solubility relations and the precipitation 
of vanadium nitride in the alpha and gamma 
field of the system iron—nitrogen-vanadium 
M. G. Frohberg and H. Graf (Stahl Eisen, 
1960, 80, April 14, 539-540) The effect of V on 
the N in Fe is reviewed in the light of recent 
publications. The thermodynamic functions of 
the equilibrium reactions in a- and y-Fe are 
derived together with the enthalpies involved 
It follows that small additions of V can reduce 
mechanical ageing effects in iron if they are 
based on the presence of N. Precipitation of 
VN requires a heat-treatment at high temp. 
(26 refs)... 

A new nitride precipitate in iron-silicate 
alloys G. R. Booker and J. Norbury (Nature, 
1959, 184, Oct. 24, 1311-1312) A high-purity 
3-05°%Si alloy was nitrided for 18 h at 640°C, 
cubie particles appeared which were not 
identified. After 6 h at 820° the structure 
became coarser and rod-like particles of 
a-Si,N, were observed. 

identification of the high-temperature con- 
Stituent in mild steel surface-hardened by 
carbo-nitriding M. A. H. Howes, G. T.F. Jay, 

<. Sachs, and D. Wilkinson (Nature, 1959, 
184, Oct. 24, 1312) The structure was close to 
that of e-Fe,N but suggested partial replace- 
ment by C. 

Apparatus for crystallizing alloys at a high 
cooling rate I. S. Miroshnichenko and I. V. 
Salli (Zavods. Lab., 1959, (11), 1398-1399) An 
apparatus is described for preparing thin 
metal films crystallized with rapid cooling. 
From experiments carried out a formula has 
been derived for calculating the cooling rate at 
which it is possible to achieve a considerable 
supersaturation of certain solid solutions, for 
example in Ni-C alloys the a-solid solution of 
C in Ni was above 1-8°%, while according to the 
constitutional diagram maximum solubility at 
the eutectic temp. is 0-65°,C. 

Electrical method of measuring recrystalliza- 
tion temperature V. N. Danilov (Zavods. Lab., 
1959, (11), 1338-1341) The recrystallization 
temp. is determined from measurements on 
deformed metals, of the thermo-emf originat- 
ing in a closed circuit consisting of a plastically 
deformed and a non-deformed specimen of the 
same metal. The recrystallization temp. is read 
from the maximum of the thermo-emf/temp. 
curve. 

Some features of the recrystallization of 
transformer steels at high rates of heating. 1. 
Relation between grain size, recrystallization 
temperature and rate of heating P. D. Izbranov, 
V. A. Pavlov, and N. M. Rodigin (Fiz. Met. 
Metalloved., 1959, (6), 915-921) Grain size 
diminishes with increasing rate of heating but 
the reduction is small. An increase in the rate 
of heating by a factor of 10* halves grain size. 
rhe recrystallization temp. with a high rate of 
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heating, without holding time, is higher than 
that with a slow rate of heating; but with 
holding time it is lower. 

Cold work and annealing of metals (7ecn. 
Indust., 1959, 37, Dec., 1829-1832) The pro- 
cesses occurring in the recrystallization of 
cold-worked metals are described and a brief 
discussion of the effects of hot working 
follows.—pP.s. 

Mechanism of graphite formation in mag- 
nesium iron R. D. Rusev (Lit. Proizv., 1959, 
(12), 17-19) The two theories current regarding 
graphite formation: (a) direct from the liquid 
phase, and (b) as a result of the decay of the 
initially formed unstable cementite, are here 
assessed and an attempt is made at demarcat- 
ing the influences of each of these processes. 

The effect of boron on the recrystallization of 
silicon iron V. E. Neimark and V. M. Rosen- 
berg (Fiz. Met. Metalloved., 1959, (2), 314-316) 
The Fe-Si alloy investigated had the composi- 
tion 3°,S8i; 0-03°,C; 0-2°.Mn; 0-01°,P. Re- 
crystallization investigation after cold-rolling 
with 60% reduction was carried out by X-rays. 
The initial crystallization temp. (for 1 h hold- 
ing time) changed according to a complex 
pattern, passing through a maximum with 
0-005°,B content. Activation energy increased 
continuously with increasing B content. 

The origin of flake graphite formed during 
high temperature heat treatment of white cast 
iron W. Oldfield (BCI RA J. Res. Dev., 1959, 7, 
Dec., 844-852) An investigation is described to 
determine whether normal coarse or fine 
graphite could be obtained by heat treatment 
of solid white iron, The experiments used an 
improved system for accurate temp. control of 
small samples in the region of the freezing 
range. It is shown that normal flake and 
undercooled graphite cannot form as the result 
of decomposition of cementite in the solid 
state, and that compact or quasi-flake graph- 
ite ensues from the decomposition of eutectic 
carbide in the solid. The results refute the 
theory that normal flake graphite structures 
can form in normal cast irons by solidification 
of white iron which subsequently decomposes 
in the solid state.—-p.L.c.P. 

The influence of austenitic grain size on the 
Ms temperature J. Vero and M. Szikszai (Acta 
Techn., 1959, 27, (3-4), 419-427) [In English} 
The Ms point is usually regarded as dependent 
upon the composition of the steel but experi- 
ments have now been made comparing samples 
of several steels of different grain sizes. The 
variation of the temp. at which the trans- 
formation was examined by dilato- 
metry and by a microscopical method. Doubl- 
ing the grain size of the austenite raises Ms by 
12-13°C. 

Room temperature decomposition of austen- 
ite in fifty percent nickel-fifty percent iron 
magnetic alloy tapes N. I. Ananthanarayanan 
and R. J. Peavler (J. Appl. Phys., 1959, 30, 
April, 202s-203s). 

Investigating with a magnetometer the 
austenite transformation under high pressure 
to martensite A. I. Stregulin and L. A. Mal’ 
nikov (Zavods. Lab., 1959, (11), 1324-1326 
The special apparatus consists of a hydraulic 
press, a magnetometer, and a high pressure 
chamber. Steel 7N4G4 (066°C; 4:2°,Ni; 
4:74°% Mn) was studied and curves were con 
structed for various temp. and pressures up to 
30000 kg/em?®. Isothermal transformation can 
also be studied on this apparatus. 

Method of determining residual austenite in 
surface quenched steel Mi. M. Klimochkin and 
S. D. Entin (Zavods. Lab., 1959, (11), 1326 
1328) The calculation of residual austenite on 
the surface quenched layer is based on mag 
netic measurements and in comparing them, 
as a reference standard, to a specimen with the 
least possible amount of residual austenite, 
formulae for the calculation are deduced. 

Heat treating hints: On the formation of 
martensite E. J. Pavesic (Wet. Treating, 1959, 
10, Sept.—Oct., 14, 46) An account of the Mf 
point and its significance. 

Effect of neutron irradiation on the marten- 
site transformation in iron-nickel alloys L. F. 
Porter and G. J. Dienes (Trans. Met. Soc. 
AIME, 1959, 215, Oct., 854-863) It is shown 
by electrical resistance and magnetic induction 
measurements on a 26:4°,,Ni—Fe and 28-9% Ni- 
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and 30-4°,Ni-Fe alloys that irradiation lowers 
the Ms temp. and enhances strain recovery on 
specimens partially transformed to martensite 
before irradiation. Possible mechanisms are 
discussed. 

is the martensite transformation isothermal 
or adiabatic? Z. Nishiyama, A. Tsubaki, H. 
Suzuki, and Y. Yamada (Met. Phys., 1959, 5, 
Nov., 253-254) [In Japanese }. 

The physical metallurgy of precipitation- 
hardenable stainless steels D. C. Ludwigson 
and A. M. Hall (DMIC Report 111; ASTIA 
A D 214001; PB 151067, 1959, April 20, pp.70) 
The classification on the basis of austenite 
stability is noted. The martensitic types trans- 
form to martensite on cooling to room temp., 
which is thought to be highly supersaturated 
and which precipitate as second phases near 
900°F giving additional hardening. The semi- 
austenitic types remain austenitic on cooling 
as do the austenitic types. Fabrication is con- 
sidered and so is susceptibility to intergranular 
attack by acids. 

The effect of inoculation agents on the shrink- 
age of high ~ chromium and chromium 
nickel steels N.S. Kreshchanovskii and M. P. 
Demin (Lit. Proizr., 1959, (12), 19-21) The 
linear shrinkage of steel may develop differ- 
ently and depend on its chemical composition. 
In the absence of a pearlitic transformation it 
may be represented by a kinetic curve. In this 
ease shrinkage occurs immediately after the 
end of pouring and continues to the end of 
cooling. The shrinkage of steel undergoing a 
pearlitic transformation consists of a shrinkage 
period before transformation, a period of 
expansion (or shrinkage) during transforma- 
tion and of a period of shrinkage after trans- 
formation. 

Constitution, metallurgy, and oxidation re- 
sistance of iron-chromium—aluminium alloys 
W. Chubb (BMI-1298, 1958, Oct., pp.105; 
from US Res. Rep., 1959, 31, March 13, 179, 
no abstract). 

The system zirconium-iron-tin L. 
(A RF-2068-5, 1958, July, pp.61; 
Techn. Rep., 1959, 31, April 
abstract). 

Precipitation in a beta-brass-Fe alloy A. E. 
Berkowitz and P. J. Flanders (J. Appl. Phys., 
1959, 30, April, 111s—112s) A magnetic study 
of the separation of Fe from 8-brass. 
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The corrosion mechanism of metals. |. The 
behaviour of the metal/metal oxide electrode in 
alkali metal halide solutions during potentio- 
metric titration F. Hiigli, R. Caperon, P. 
Bersier, and J. Bersier (Schweiz. Arch., 1960, 
26, Jan., 24-29) The authors explain the 
method and show the results obtained in the 
form of graphs.—t.«. 

Corrosion mechanisms in the reaction of 
steel with water and oxygenated solutions at 
room temperature and 316°C M. B. Strauss and 

C. Bloom (J. Electrochem. Soc., 1960, 107. 
Feb., 73-79) Specimens in the form of sealed 
capsules were used and the pH of the solution 
was measured. Optical, X-ray, and electron 
diffraction studies of the corrosion product 
films were made. 

Corrosion kinetics of iron in ammonium 
nitrate solutions 8. Baranowski, T. Ostrowska, 
and M. Smialowski (Bull. Acad. Polonaise Sci., 
1959, 7, (11), 811-816) [In English] Grain 
boundary corrosion occurs. The effects of cone 
of NH,NO, and of NH, and NO, ions on rate 
of corrosion are determined. Further work 
must be carried out to elucidate the mechan- 
ism. 

Electric fields and corrosion D. Petrocokino 
(Corros. Anticorros., 1959, 7, Oct., 335-341) 
The analogy existing between degrees of poten- 
tial in the neighbourhood of mine levels and 
the phenomena accompanying the immersion 
of steel structures in sea water is discussed. 

The corrosion of road vehicle engines by anti- 
freeze solutions H. H. Collins and R. I. Higgins 
(BCIRA J., 1959, 7, June, 667-691) Labora- 
tory and field work carried out by BCIRA are 
described, and it is shown that corrosion is due 
to the simultaneous depletion of inhibitors 
from the solution and oxidation of the glycol 
to a mixture of organic acids, particularly 
HCOOH. 


Sources of underground corrosion potential 
differences K. G. Compton (Corrosion, 1960, 
16, Feb., 43t-46t) The author discusses the 
potential of metals in their environments and 
explains the role of this potential in galvanic 
corrosion. The sources of potential considered 
include polarization, stray current, dissimilar 
metals, differences in electrolyte, and differ- 
ences in structure surface.—G.F. 

Corrosion of metals at Mandapam Camp, 
India K. 8. Rajagopalan, M. Sundaram, and 
P. L. Annamalai (Corrosion, 1959, 15, Dec., 
631t—634t) Monthly rates of corrosion of mild 
steel, Zn and Cu at two sites at Mandapam 
Camp on the SE coast of India are reported. 
Rates of corrosion are discussed in relation to 
the observed climatic conditions, and differ- 
ences between open and sheltered tests are 
compared.—G.F. 

Corrosion at the sealing surfaces of flanged 
joints C. Fischer and H. Zitter (Werks. Korr., 
1960, 11, Jan., 17-22) This type of corrosion is 
usually caused by penetration of liquid through 
the seal to the steel, leading to local attack in 
the absence of inhibitors, and to pitting and 
stress corrosion as secondary effects, This 
effect can be largely prevented by the use of 
non-porous plastic Crevice corrosion, 
sometimes observed, is usually due to faulty 
flange construction or sealing. 

The corrosion of welded or coated mild-steel 
and of wrought-iron boiler tubes in highly 
saline water G. Butler and H.C. K. Ison (N.E. 
Coast Inst. Eng. Shipb., 1959, Dee. 11, pre- 
print, 95-130) Welded and coated seamless 
tubes were tested in model boilers. Welded 
tubes are susceptible to deep pitting and per 
foration not reduced by increased Cu content. 
Phosphating and chromating reduce corrosion 
but not Al treatments. Chromized tubes 
tended to split on expansion into the tube 
plates and phosphating appears to have only a 
temporary effect. 

Corrosion in power station feed systems B. 
Tuck and E. M. Osborn (Chem. Ind., 1960, 
March 26, 326-331) An account of a trial with 
cyclohexylamine and morpholine as inhibitors. 
Both reduced metal pickup of both Fe and Cu, 
but control of dissolved O, is regarded as 
necessary also. 

The residual oil ash corrosion problem ©. J. 
Slunder (Corrosion, 1959, 15, Nov., 601t—606t) 
The author reviews progress made in combat- 
ing accelerated high-temp. corrosion caused by 
combustion products of residual fuel oils. He 
deals with the mechanism of corrosion, the 
materials of construction and the use of pro- 
tective coatings and oil-additives. —«a.F. 

Corrosion-fatigue in two hot-work die steels 
D. N. Williams, M. L. Kohn, R. M. Evans, and 
R. 1. Jaffee (Mod. Cast., 1960, 37, Jan., 19-25) 
H21 and H23 die steels were tested to deter- 
mine the relative importance of oxidation and 
fatigue loading on corrosion-fatigue failures. It 
was found that sample life in the range 1100 
1400°F was relatively independent of oxida- 
tion. Variations in heat-treatment, test con- 
ditions or other material properties were found 
to affect sample life in direct proportion to their 
effect on the plastic strain imposed on the 
sample during cyclic loading. Sample life could 
be calculated by use of the equation N 
1000/S? where N =sample life in cycles. 8 
plastic strain imposed on the sample each half. 
eyele. 

The behaviour of stainless steel in the 
atmosphere A. Noo (Usine Nouv., 1960, 16, 
Feb. 25, 29-30) A brief review of reports of 
tests made in London, and also by the School 
of Architecture of the University of Princeton, 
USA, with comparative observations as to the 
suitability of different classes of stainless steel 
for use in industrial and country atmospheres. 

The most common types of corrosion in 
stainless steels S. Berg (*Chemische Rundschau, 
1959, 12, April 1, 185-189) Modes of attack are 
classified as general corrosion, pitting, inter- 
crystalline corrosion, crevice corrosion, galvan- 
ie corrosion, and stress corrosion. These are 
further considered and examples are given. An 
all-glass testing apparatus is shown. Much of 
the data given is derived from the literature. 

Can corrosion problems J. J. Daly, jun. 
(Corrosion, 1959, 15, Nov., 100-106) The author 
discusses various types of internal and external 
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Corrosion con- 
modification, container 
packaging methods, stor- 
protective coatings, and 

is considered G.F 

arg ina hydrocarbon conversion sys- 
tem F. A. Prange (Corrosion, 1959, 15, Dec., 
619t-621t) In a fixed-bed po Pore system for 
dehydrogenation of butane, metal loss con 
taminates the catalyst with fine oxide dust 
which causes undesirable side effects. The way 
in which the metal loss occurs is discussed, and 
the effects of alloying agents on both labora- 
tory tests and equipment are 
tioned G.F 

Investigation of cracks in an 18/13/1 stain- 
less-steel autoclave FF. Turner and H. K 
Richardson (19 R-TN/C-1015, 1958, pp.11; 
from Nucl. Sci. Abs., 1959, 13, May 31, 1202) 
\ failure near a weld occurred and a slag 
deposit was found in the weld root. The slag 
contained chloride and was connected with the 
interior by the interface between base plug and 
wall. 

The corrosion resistance of some Mo stainless 
steels in water hydrolysis of wood and in sul- 
phate cellulose digestion 1X. Uusitalo and J. 
Mattila (Tekn. Kem. Aikak., 1959, 16, (19), 
649, 651-652) [In English] Loss of weight of 
Specimens V 4AE, 4 V4AP, and V 14AS steels 
were determined in the liquors of which anal- 
yses are shown 

Corrosion in the a 7 ey! e 
Amgwerd (Rev. Univ. Mines, 1960, 16, 
97-101) A brief reference to corrosion a 
lems in the production, stocking, and transport 
of crude petroleum is followed by a more 
detailed account of corrosion in refining opera- 
tions, and of steps taken to minimize ite 
effects. 

Attack on metals by synthesis gas from 
methane-oxygen —— F. Eberle and 
R. D. Wylie (Corrosion, 1959, 15, Dec., 622t 
626t) Severe corrosion was experienced on 
18/8 Nb and 25/20 Cr—Ni steel components of a 
gas generator for CH,-O, combustion. 
The authors their metallurgical 
examination of corroded parts, and discuss the 
mechanism of corrosion in the different sec- 
tions of the unit.—«o.F. 

Accumulated residues attack chemical distil- 
ling column (Corrosion, 1959, 15, Nov., 99) 
Industrial problems caused by residues and 
deposits are briefly discussed, and data are 
presented on a cast-iron distilling column 
which was severely affected by accumulated 
residue, causing excessive downtime and 
maintenance.—G.F 

Resistance of materials to corrosion in the 
heavy chemical industry J. Bigeon (Rev. Univ. 
Mines, 1960, 16, Feb., 37-54) A review of 
materials used or considered for equipment 
used in the chemical industry, in which these 
materials are classified and the effect of various 
corrosive agents considered in detail. 

Corrosion and decarburization of the ferritic 
chromium-MOLybdenum steels in sodium- 
coolant systems W. ©. Hayes and O. C. 
Shepard (NAA-—SR-2973, 1958, Dee., pp.32; 
from US Res. Rep., 1959, 31, April 17, 273; no 
abstract). 

Fabrication of iron-aluminium-chromium 
alloy fuel plates B. King, J. Neri, and F. G 
Tate (Nuclear Met., 1958, §, 63-68) Properties 
of Fe—Al alloys and their corrosion resistance 
are given as well as studies on fabrication and 
bonding to itself and to cermets 

Investigation of the iron and steel structures 
by high-temperature oxidation in air B. I. 
Kostetskii and O. I. Trotsik (Fiz. Met. 
Metalloved., 1959, (6), 899-901) This work 
aimed at comparing the data obtained by pre- 
vious investigators regarding the micro- 
structure of the oxide phase with the corres- 
ponding data regarding the phase observed on 
the surface of iron due to oxidizing friction. 
Armco iron and St 45 steel were the materials 
of the specimens oxidized 2 h at between 650 
and 800°. Some of the specimens were cooled in 
air, others in water. The findings show sharp 
changes in the structures due to oxygen diffu- 
sion. An hypothesis is advanced concerning 
the oxidation mechanism during friction, of 
the formation of a solid solution of oxygen in 
iron under the given cooling conditions. 


corrosion encountered in cans. 
trol by product 
materials selection, 
age conditions, 

chemical treatment, 


actual men 


used 
describe 
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The effect of heating conditions and alloy 
composition on the internal oxidation of iron 
alloys H. Schenck, E. Schmidtmann, and H. 
Miller (Arch. Eisenh., 1960, 31, Feb., 121-128) 
rhe internal oxidation of Fe—Si, FeAl, Fe Cr, 
and Fe-Mn alloys was studied in the temp. 
range 820-1056 C and the effect of heating 
time, temp., alloy element level, and gas 
atmosphere composition traced. The results 
are presented in many graphs and tables. 
Internal oxidation of all the alloys 
increased at a parabolic rate with time 
with partial oxygen pressure in the 
atmosphere (43 refs r.G 

Effect of silicon on high temperature oxida- 
tion of stainless steels J. Ff’. Radavich (Corro- 
sion, 1959, 1§, Nov., 613t-617t) In a series of 
16°.Cr, 10°%,Ni stainless steels with from 
0-17% to 3-55°,S8i, the author has studied the 
growth of oxide films at 600°, 800°, and 1000°C 
using optical, electron microscope, electron 
diffraction, X-ray diffraction, and X-ray fluor- 
techniques. The results show that 
oxidation resistance increases rapidly as the Si 
content and the mechanism by 
which this increased resistance 


used 
and 


gas 


escence 


INCreases, 
is achieved is 
discussed. G.F. 

tron-aluminium alloy systems: 11. Compara- 
tive study of oxidation resistance in the Fe Al 
system KR. bE. Heimerdings WV A DC--T R-57 
298 (Part Il); AD-207907; Nucl. Sci. Abs., 
1959, 13, May 31, 1213) Studies of alloys with 
various contents of Al (0°16)°,, at up to 2200 
and up to 500 h are described. Cr had a bene- 
ficial effect only at 7:5°%,, above and below the 
effects were deleterious. 

Constitution, metallurgy and oxidation resist- 
ance of iron chromium aluminium alloys W. 
Chubb, 8. Alfant, A. A. Bauer, FE. J. Jablonow- 
aki, F. R. Shober, and R. F. Dickerson (BMI 
1298, 1958, Oct. 6, pp.105; from Nucl. Sci 
ibs., 1959, 13, March 15, 389) Ternary sec 
tions are shown The limits of a 
33-63°,Cr at 600°C and decrease at 750 C to 
38-57 (at.)°,,. Limits for o- and for a-solid solu 
tion, the AlCr, phase ete. are given and the 
Foe-25-35%Cr-3-8%Al alloys, their proper 
ties, fabrication, and casting and the oxidation 
resistance of Fe—-Cr-Al and Ni-Cr-Nb under 
various conditions are measured. 

The adherence of oxide films on metals k. | 
Iylecote (JISI, 1960, 195, 
rhis issue 

High-temperature, high-pressure sae 
of alloys caused by carbon dioxide J. ©. Bokros 
and W Wallace (Corrosion, 1960, “16, Feb., 
73t-—7&8t) The authors describe the oxidation 
behaviour of 26 heat-resistant alloys in CO? 
atmospheres in the pressure range 1000 
2000 Ib/in®, and the temp. range 1100 
1740°F. The corrosion data are presented, and 
the effects of time and temp. are 

High temperature metal deterioration in 
atmospheres containing carbon monoxide and 
hydrogen W. B. Hoyt and R. H. Caughey 
1959, 15, Dec., 627t-630t) Carbon 
and stainless steel exposed to gas mixtures rich 
in H, and CO at temperatures of 800-1 200°F 
have been attacked with resulting loss of 
metal. The authors discuss the conditions 
under which this attack has been observed in 
coal-to-oil synthesis plant, and describe the 
nature of metal deterioration. A possible gas 
metal reaction mechanism is postulated.— G.14 

Anodic passivation studies J. 1). Sudbury, 
O. L. Riggs jun., and D. A. Shock (Corrosion, 
1960, 16, Feb., 47t- 54t) After briefly reviewing 
the present theories of passivation, the authors 
describe experimental work which shows that 
passivity induced by 


o extend from 


Aug., 380-385) 


discussed. 


Corrosion, 


anodic polarization is 
possible in a wide variety of oxidizing systems. 
Phey deseribe the development of an anodic 
protection system with high current capacity 
which makes anodic practical. 
Laboratory evaluations of any particular Svs 
tem can be extrapolated to field performance 
with reasonable confidence G.F. 


Some fundamental features of mechano- 
chemical attack on metals T. P. Hoar (AGARD 
158, 1957, — pp.8; from Nuel. Sci. Abs., 
1959, 13, May 31, 1200) The behaviour of oxide 
films under « he ‘mical attack, fretting, fatigue, 
and static Metal 
vielding under mechanical] stress is in a chemic- 


passivation 


stress conditions is discussed 
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ally active stage. The mechanism of 
corrosion cracking is considered. 

Equivalent electrical circuit analogy of struc- 
ture-to-soil potentials R. ©. Dean (Corrosion, 
1959, 15, Nov., 576t—580t) The author submits 
concepts and examples of practical applica 
tions of the ‘equivalent electrical circuit’, 
which is shown to be helpful in understanding 
and analysing data obtained from structure 
to-soil potential measurements. —G.F. 

instruments for measurements in under- 
ground corrosion work K. G. Compton 
1959, 15, Nov., 571t-575t) Instru 
ace used for measuring electrical 
currents and potentials associated with corro 
sion of underground structures are 
and their circuits explained. The measurements 
considered include voltage, current, resistivity 
and resistance, and special measurements such 
as polarization currents. G.F. 

Preliminary report on evaluation of carbon 
steel H. F. Beeghly (WAPD- LSR(M)-11; 
1955, May, pp.38; Nucl. Sci. Abs., 1960, 14, 
Jan. 31, 237) Loop corrosion tests on A212 
steel showed that the rate becomes low after an 
initial conditioning period. Conditions 
pH7 to pH10 with or without H, 
very much the 
Mn and other 
welds were 


stress 


(Corrosion, 


described 


from 
produced 
Effects of 
were recorded and 
and tested. Uses of C 
steels for reactor design are considered. 

Some results of corrosion tests with 4° 
chrome steel I). Herzog {nticorros., 
1959, 7, Sept., 312-316) A series of tests with 
tanks at Kure Beach, N.C., USA, carried out 
by M. LaQue of International Nickel Co. since 
1953 are tabulated and cathodic protection is 
shown to be generally more effective on moder 
ately alloyed as against unalloyed steels. 

Relationship of pH to —— corrosion 
fatigue life of steel F. J a .. H. Crowder, 
and L. H. Wolfe (Nature, 1959 , 284, Dec. 26, 
2008-2009) Studies of AISI 1036 steel are 
’»NaCl with NaOH up to satura 
Passivation conditions and the solubility 
of ferrous hydroxide are discussed 

Factors influencing corrosion (:. \. 
1959, 15, Sept., 455t 468t 
lation of chapter 5 of a book entitled ‘ 
and Research on Metallic C 
and internal factors influencing the 
distribution of corrosion are discussed 
al factors include pH, 
ors, the 
perature, 


same corrosion rate 
elements 


also made 


(Corros. 


reported in 3° 
tion. 


Akimoy 
A trans- 
Theory of 
External 
rate and 
. Extern- 
inhibitors, or stimulat 
concentration of neutral salts, tem 

and rate of solution movement. 
Corrosion damage due to stray electric currents 
is fully considered together with methods of 
mitigation. Internal factors discussed include 
inherent chemical properties of the elements 
the modification of these due to possible pro- 
tective films is discussed 
corrosion fatigue, surface 
of alloys, and the influer 
rosion. 


Corrosion, 


orrosion’. 


internal stresses and 
condition, stability 
1ce of grain size On cor- 
Experimental data are presented on 
stability limits of solid solutions, while a theo 
retical discussion on this and related phenom 
ena such as dezincification is also given. 
Effects of velocity on corrosion H. RK. Copson 
1960, 16, Feb., 86t-92t) The author 
discusses the effects of the velocity of fluids on 
the corrosion rate of iron and other metals, and 
also considers the galvanic effects produced by 
changes in velocity. and cavitation 


(C‘orrosion, 


Erosion 
effects are explained.—G.F. 

Effect of the methods used in the making and 
working of steel on the pitting corrosion of 
shipbuilding steel (i. Becker and W. Dick 
(Stahl Eisen, 1960, 80, April 14, 491-497) Pit- 
ting of shipbuilding steel is affected to a much 
greater extent by the surface quality of the 
steel than by its composition. From the 
carried out it is evident that the plates for 
shipbuilding should be thoroughly descaled 
and a protective coating applied. For economic 
reasons such an operation should be carried 
out in the rolling mill. Means of avoiding 
pitting in tankers are briefly mentioned, 
including cathodic protection, limitation of the 
temp. ol the water, ete. (21 refs). 

T.G. 

Comparative corrosion tests on chromium- 
plated articles \. (Draht, 1960, 11, 
March, 112—113) A résumé of a lecture deliver 
ed ata symposium on electroplating held at 
Schwiabisch-Gmiind in Sept.-Oct. 1959. Corrod- 


tests 


cleaning 


Nohse 


August 1960 


cote, artificial industrial atmospheres contain- 
ing CO, and SO,, and salt-spray tests were 
used for an evaluation of the corrosion-resist- 
ance of Ni-Cr plated articles. It was found that 
protection is provided only if both the Ni and 
the Cr coatings are pore-free.—1.@ 

Corrosion of nickel-coated mild steel [3. C. 
Banerjee (J. Electrochem. Soc., 1960, 107, Feb. 
80-82) Mild steel dises coated with Ni with 
(100), (1OTO)+ (211), (110) and (210) orienta 
tions in HCl showed the last-named to be most 
resistant. In NaCl no appreciable differences 
were found. Mechanisms are discussed. 

Corrosion data for chemical nickel plating 
J. R. Spraul (Plating, 1959, 46, Dec., 1364 
1369) An account of the process and an outside 
exposure test programme is given with an 
extensive table of resistance of plated panels to 
a variety of chemicals and solutions 

Theoretical and practical problems concern- 
ing the use of cans made from tinplate P. 
Nehring (Mitt. Forsch. Blechverarb., 1959, 
July 15, 197-204 Underlying — prin« 
governing 


iples 
tinplate corrosion are explained and 
their practical implications discussed. 

The corrosion resistance of, and an evaluat- 
ing method for, various cy e on steel 
H. W. Dettner (Plating, 1959, 46, lay, 469 
480) Tests are reported which com sont the 
corrosion resistance of electro slehod Zn, ¢ 
Sn, and Sn-Zn alloy deposits in thicknesses of 
2, 5, and 10 by means of salt spray, humidity, 
SO,-CO,, and outdoor exposure tests. Zin 
deposits, especially when chromated, showed 
in general, a better behaviour than tin, « xcept 
acid tin in salt spray and industrial air tests. 
The behaviour of Sn-Zn deposits was generally 
between that of Sn and Zn except in the salt 
spray test where the alloy-coated steel rusted 
at a very slow rate.—-D.L.c.P. 

Additional studies with an all-glass multiple- 
test apparatus for nitric acid testing of stainless 
steels (:. F. Tisinai and C. H {STM 
Bull., 1959, (238), 64) Notes on work with this 
equipment on the corrosion testing of stainless 
steels (tbid,. 1956, (214), Mav, 57 
tion of the apparatus). 

Internal boiler water treatment Hinch 
cliffe lustralasian Eng., 1959, 51, April 7, 
57-60) The developm« nt and application of an 
internal boiler water treatment involving 
control of Mg content is described. The 
investigation work that a nm 
Mg content in the water was necessary 
to ensure a boiler sludge. In practice, 
scale has been prevented bv increasing the Mg 
content of the necessary. 

Dissolution of zirconium and stainless steel 
corrosion product oxides J. W.Sniderand P.A 
Haas (CF-58-8-28, 1958, Aug., pp.16; from 
US Res. 1959, 31, April 17, 273: no 
abstract). 

Cavitation erosion: 

\ 


. Samans 


, for a descrip- 


showed 
boiler 
mobile’ 


Inimum 


boiler water as 


Rep., 


Comparative tests Rk. 
Mathieson and obbs (Engineering, 
1960, 189, Jan. 22, 136-137) A review and 
comparison of drop-impact and flow tests 


The corrosion of 18/13/1 steel under condi- 
tions simulating those in the highly active 
liquor evaporators at Windscale H. N. 
(RDB(C)/TN-27, 1953, April, pp.10; from 
Nucl. Sci. Abs., 1959, 13, May 31, 1206) Tests 
at 70, 80, and 100°C were carried out; the 
corrosion was much less at lower temp. 

Fundamental study of the corrosion of 
18/13/1 chromium nickel steel in nitric acid 
H. N. Jones (RDB(C)/TN—-44, 1953, June, 
pp.17; from Nucl. Sci. Abs., 1959, 13, May 31, 
1206) Attack takes place at grain boundaries 
where possibly a phase exists which encourages 
attack. This could not be identified. Alloys 
containing Nb should be examined for boun- 
dary attack. 

The effects of various contaminants on the 
corrosion of 18/13/1 — nickel steel in 
boiling 70°,, nitric acid H. Jones (RDB(¢ 
T'N-25, 1953, April, oy "from Nuel. Sci. 
ibs., 1959, 13, May 31, 1206) Additions of 
CrO,-ion increase the rate. V accelerates corro- 
ion and Ce and Mo to a extent, W 
only slightly and Co seems 


Jones 


lesser 
increases the rate 
to have no effect. 

The influence of various ions on the rate of 
corresion of 18° Cr-13°.,Ni, Nb-stabilised 
austenitic steel in 70°., w/w nitric acid T. b. 
Evans and H. N RDB(C)/TN-75 


Jones 





1954, June, pp.19; from Nuel. Sei. Abs 
13, May 31, 1207) Ce, V, Mo, 
tested. The effects are discussed 

Peening cuts stress corrosion H. 
1959, 145, Dee. 21, 88) 


reported, which sug 


1959, 
and Th were 


Suss (Steel, 


tesults of tests are 
of stain- 


cracking 


gest that peening 
may retard or eliminate 
effects of high temp. water.—_D.L.c.P. 

The influence of arsenic on the hydrogen 
penetration into iron cathodes polarized in sul- 
phuric acid solutions H. Anyerstein-Kozlowska 
Bull. Acad. Polonaise Sci., 1959, 7, (12), 881- 
S86). 

Sodium silicate as a stress corrosion inhibitor 
M. J. MeGoff (MSA R-59-113; 1959, Oct., 

pp.18; from Nuel. Sci. Abs., 1960, 14, Jan. 31, 
240) Sodium silicate was used with insulating 
materials in tests against chloride stress corro 
sion of type 304 pipes. 

Reduction of oil-ash corrosion by use of addi- 
tives in residual fuels H. W. Schab and F. R. 
Gessner, jun. (EES rept. 0700340; PB 137101, 
1957, April, pp.55; from US Res. Re 195%, 
31, March 13, 167) Tests on AISI 310 with 
high-V fuel at 1500-1700°F in small combus 
tion rigs were carried out with 34 additives, 
La, Sb, and Fe were most promising and Ca, 
Na, Mn, rare earths, Ce, and Nd also sh« 
good qualities 

Action of the XO," inhibitors (i). H. Cart 
ledge (Corrosion, 1959, 15, Sept., 469t 476t) 
Experimental studies of the effeet of ions of the 
tvpe XI," on the corrosion of iron and steel 
are summarized. The local corrosion current 
density is expressed in terms of the activation 
energies of the postulated activated complexes 
that act as intermediaries and of their distribu 
tion over the entire Studies have 
shown that the inhibited iron surface is in an 
effectively static condition but that a dynamic, 
reversible state exists between the surface film 
and the solution. Pertechnetate 
pletely prevented corrosion 


less steel 


wed 


surtace. 


ion has com 
of iron im ah aer- 
ated solution for tive years. Passivation by 
Ost Ya i8 80 complete that the iron electrode has 
the potential of the Os'’ Os couple. The 
Flade potential can be observed on aerated 
inhibited iron electrodes indicating electro 
chemical identity of the films formed with 
those produced by more vigorous passivation. 
It is believed that the films are mainly due to 
oxygen. The role of the adsorbed inhibitor, in 
so modifving the kinetics of the electrode pro 
cesses at the metal/solution interface as to pro 
duce passivation is discussed 
the ability of various X1,°~ ions to produce 
inhibition may be due to the nature of the 
electrostatic field exerted by them over short 
distances 1.F.S 

Control tests for filming amines K. B. Coates 
Techn., 1960, 7, Feb., 46) “te tilming 
amine, such as Afloc Dispersion No.190, is de 
tected by the pink coloration formed 
and can be titrated 
surface-active agent, sodium dioctyl sulpho- 
succinate solution being used in the 
of a buffer. 

A proposed standardized static laboratory 
screening test for materials to be used as inhib- 
itors in sour oil and gas wells NACE Technical 
Unit Committee T-1lK 1960, 16, 
Feb., 63t-64t) A description is given of a static 
laboratory test designed to provide 
easily reproducible 
materials to be evaluated 
possible inhibitors in sour oil and gas wells. A 
standard 


Differences in 


(Corros. 


with 
cosine, with an amuionic 


presence 


Cor rosvon, 


a simple, 
method for sereening 


subsequently as 


coupon is immersed in a standard 
corrodent as a control, and in an identical sys- 
tem a definite concentration of the test 
material is added; the criterion of succe 
the amount of weight loss suppression afforded 
by the material.—«G.F. 

Electrical resistance method for studying 
corrosion inhibitors in automotive anti-freeze 
(Corrosion, 1959, 15, Nov , 607t 
612t) The author discusses the application of 
the resistance method to the determination of 
relative corrosion inhibitor effectiveness in the 
aqueous ethylene glycol system The ec 
of Fe, Al, and Cu alloys is reported for various 
test conditions, and the effect of certain corro 
sion inhibitors is illustrated. G.r. 

Corrosion inhibitors for carbon tetrachioride- 


water vapour atmospheres K. W. Calkins and 
R. W. Hawley (Corrosion, 1959, 15, Sept., 


ss 1s 


I. C. Cessna 


orrosion 


447 
amine 


449t) Of 48 inhibi 
was the 


tors tested, 
best for preventing the corro 
sion of steel in a CCl,-H,O vapour system. 

Screening tests of inhibitors to prevent 
chloride stress corrosion J. H. Phillips and 
W..J. Singley (Corrosion, 1959, 15, Sept., 450t 
4$54t) Screening tests have been co icted Ina 
tilting wide range possible 
inhibitors for austenitic 


ethanol 


autoclave of a 
stainless steel for use 
alkaline-phosphate boiler water containin 
0) to 500-ppm chloride, Nitrate appeared to 
be a suitable inhibitor. Na,SO,., 
O,, also prevented stress cort 
the autoclave tests.—-4 
Corrosion testing of aerosol products M. J 
Root and J. Maury (Corros. 7 , 1959, 
7, March, 85-87) Aces cae dl olytic tests 
for testing the corrosion : 


by scavengi 


n cracking 


metics and other aerosols t 
plate a t 

interactions between four volatile corrosion 
inhibitors R. L. Le Mar (PB 151010, 1957, 
Dec., pp.43; from US Res. Rez 1959, 31, 
March 13, 167) VCI on kraft papers were tested 
on steel panels 

The Fiade potential of iron passivated by 
various inorganic corrosion inhibitors Hi. H 
Uhlig and P. F. King (PB 140627, 1956, pp.26 
from US Res. Rep., 1959, 32, Aug. 14, 
Passivation by ferrites, nitrites, i 
molybdates, tungstates, HNO., 
studied by n 
potential just before decay of passiv 

Methods of preventing the corrosion of iron 
and steel 1). Iturrioz (Met. Elect., 1958, 22, 
Aug., 65-70; Sept., 99-105) [In Spanist The 
mechanism of 


ntainers are describe 


polarization were 


examined with 
to methods of protection which are 
deseribed in detail P.S 

Possible uses of zinc fe the struggle ones 
marine corrosion K. Souské ((* 
1959, 7, Oct., 356-359 Diff rent 
of Zn to the 


ainst marine 


corrosion 18 


reference 


methods of applic ation of a coating 
surface of steel as a protection ag 
electrolysis 
tion, sherardizing, Zn paint, and 
protection are discussed 

Corrosion of steel: Part 111. Protective beha- 
viour of some paints A. K. Choudhury and 
S.C. Shome (J. Sci. Ind. Res., 1955 SOA, Dec., 
568-570) Immersion tests in salt aol ution with 


single pigments in raw linseed oil are re ober 
olvbdate give g ve protec 


. metalliza 
cathodic 


corrosion are examined 


described and 


Zn chromate and n 
tion. Zn tungstate is slightly inferior Pb 
paints gave good protection at first but 
ally broke down on continued 1 ‘rs 

The use of products of coal distillation of 
protection against corrosion ('. Hanfland (B 
Inf. Inst. Nac. Carbon, 1959, 8, May-Aug., 93 
110) A general account of corrosion proble 
especially the effects « 
on painted iron and steel, The 
ld tar compositions is described and the 


gradu 


f lamination an 
scale 
tar or c 
more recent synoplasts and their le even in 
the worst conditions. The materi F ade 
quate for mining conditions 
Some methods of controling hydrolytic 

deposits P. Godeaux (Usine w., 1959, 16, 
Nov 12, 97-99; Meétauz, Reng Dee., 519 
Methods of control are described under the 
following headings: examination of appearar 

of deposit (1 method); control of adherence 
4 methods); determination of thickness of 
de posit (2 methods); 


to corrosion (5 n 


control of porosity, and 


resistance ethods S.H 


Combating corrosion in molten extraction 
processes H. Susskind, F. B. Hill, L. Green, 
S. Kallesh, L. Kukacka, W. |} McNulty, and 
ki. Wirsing (Chem. Eng. Prog., 1960, 56, March, 
Tests on dilute solutions of metals in Bi 
are reported. Steels and non metals 


57-63 
ferrous 
were used. 

Conditioning treatment for acid cleaned cool- 
ing system W. Rosenfeld (PB 7, 1958, 
Dec., pp.10) Protection 
antifreeze agents by cleaning at proper inter 


15152 
against corrosion by 


vals is deseribed. 
Application of anodic protection in the 
chosen taduetey D. \. Shock, O. L. Riggs, jun. 
and J. D. Sudbury (Cor on, 1960, 16, Fel 
55t- 5S8t [The authors discuss the important 
factors in the evaluation of a given metal 


electrolyte system for the application of anodic 
protection, quoting a4 


The applicability and e 


number of exampl 


onomic aspects of 
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é MLC protection process ¢é 
the effects of temp 
liscussed G.} 

Anodic control of corrosion in a sulfonation 
plant © L. Rig jun., M Hutchison, N. L 
one m, 1960, 16, Feb., 58t-62t) A 


automat potential con 


rature and type ¢ alloy are 


ontinuou ise lor @ year in 


roild teel oleum 
el sulphonic 
thor lescribe 
ind the applic 
1 quote results 

rN S erie en fk 
Corrosion prevention in automobile bodies 
ar (Inst. Me Eng. Proc. Auto. Div 


Hus tratin 


s+hosphating, 

yn and test 
oating, and the 

! ered and 
! polishing 
hale 

Studies on the susceptibility of cathodically 
protected steel to hydrogen ombrittioment 
W. H. Bruckner and K, M. Myles (C% 

», 15, Nov., 591t-595t 


iit 


writtled by 
prot tion 


brittlement can 


Cathodic protection of Southern Pacific high- 
pressure products pipe line |). N. Miller 
1959, 15, Dee., 104-106 The 


thods used to achieve 


( rosion 
cathodic protec 


entral ( 


tion 
‘ a pipe line 
Nevada are 


ountered are 


across alifornia and 
discussed, Special problems en 
outlined G.t 
The use of Ti and Ti alloy anodes for cathodic 
protection with independent current supply H 
Richaud (Corros inticorros., 1959 wa Sept., 
$22-—-324 The uses of ‘ Ti all anodes 
id their advantages ywnpared with anode rf 
ate l, graphite, plat 1 t ar ’ al 
The problem of cathodic protection of steel 
immersed in sea water A. Hache (Corr: int 
ros., 1959, 7, Sept., 307-312 ~via ns for 
locating the Sea Water ¢ 
Station at Biarritz are 


orrosion Testing 


explaine en par 


Dbetweon te 


son is made 
tank of circulating ‘ 
protection and others placed in on sea water, 
and the results are deser 


Cathodic protection its coetneiion in the 
marine field 8. Ratlot (Corrox. Anticorros., 
1959, 7, Oct., 342-355) After 
theories of states of in init 
~orrosion, the 
of cathodic protec 


examining the 
¥, PASS 

suthor discusses the po 

tion and the use 

esses are described 8.H.-8 

Protecting the ‘Landaura’ (Corr 

, nept., 41 lreatment of the botto 


ar-old vessel is briefly described. 


Some platinum anode designs for cathodic 
protection of active ships H. S. Preiser and 
B. H. Tytell (Corrosion, 1959, 15, Nov., 596t 
HOOT Che voltage -current 
relationships which have been determined for 
Pt wires, gauzes, id and a Pt-clad—Ta 
disc, in laboratory and harbour sea-water tests 
The Pt-clad Ta dise produced the best current 

oltage ratio G.F} 

Lead Silver alloy anodes in cathodic = 
tection of ships K. N L. Christie 
and D. G 1959, 15, No 
581t-586t) A Pb-2°%,Ag alloy has been used 
xperimentally as an 
for cathodic protectio of an active de 
H.M.C.S. Crusader), The 


a l2-ve 


authors present 


gJarnard, G 
Gage (Corrosion, 


npressed current system 
troyer 
describe the 
associated equipment and 


authors 
wnodes and their 
method of fitting. Data from one year’s service 

n, and a comparison performance 
nade with existing impressed cur- 
cent and galva 


Electrical bonding ot cathosicaly protected 
to a ships G sennett, 

id A Wallace big 

Sot e authors sho that 

of the h ] ar ! itected 


ected 


nic svstems } 


tane 


the 


stitute 
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Ultrasonic measurement of tank ship corro- 
sion losses D. J. Evans (Corrosion, 1959, 15, 
Nov., 561t—565t) The author describes an 
ultrasonic method of thickness measurement 
from one side of a steel plate, and gives details 
of the ‘slide rule’ method of calibration. Sources 
of error are discussed, and means of overcom- 
ing them are considered. —G.F 

Controlling internal corrosion of tank ships 
J.¥. Koehler (Corrosion, 1959, 15, Nov., 557t- 
560t) The author describes the measures taken 
by the Esso Standard Oil! Co. to control intern- 
al corrosion in tankers. They include partial 
and complete cathodic protection, inhibition, 
coatings, and combinations of these methods. 
The relative advantages and disadvantages of 
the different methods, ag their economic 
aspects are discussed eG. 

Anti-corrosion treatment for Thames barge 
(Corros. Prev., 1959, 6, June, 56) The protect- 
ive coatings applied to a recently commission- 
ed tug are enumerated in detail, together with 
a special engine cooling water system designed 
to prevent corrosive action by the river water. 

‘Copon’ coatings for marine corrosion con- 
trol K. H. Reynolds (Corros. Prev., 1956, 6, 
June, 57-59) The results of several years’ 
successful trials in the protection of offshore 
drilling rigs and equipment, and ship’s hulls 
by an activated Copon coating are given. The 
composition is not disclosed. 

Use of high silicon cast iron for anodes 
Technical Unit Committee T-2B of NACE 
(Corrosion, 1960, 16, Feb., 65t-69t) Data are 
tabulated from questionnaire replies received 
from more than 100 companies pertaining to 
the use of high silicon cast iron for anodes. In 
ground bed applications, the test anodes are at 
least equal to graphite anodes; in fresh water 
applications, they perform very well if the 
temp. does not exceed 125°F; but at high temp. 
or in salt water applications where the temp. 
may exceed 100°F, a Mo-containing high-Si 
iron is to be preferred.—G.F. 


ANALYSIS 


Determination of gases in metals and alloys 
by vacuum techniques N. G. Banerjeo (VNML 
Tech. J., 1959, 1, Nov., 28-33) The author 
reports his impressions in this field obtained 
during a tour in the United Kingdorn. 

Vacuum fusion provides quick and accurate 
gas analyses of metals V. S. McMullen (Blast 
Furn. Steel Plant, 1960, 48, Feb., 188) A des- 
cription of the operation of the Serfass~Fischer 
equipment at the works of Vanadium Corpora- 
tion of America. 

The rate-determining step in desorption of 
gases from solid specimens 1. Baranowski 
Bull. Acad. Polonaise Sci., 1959, 7, (12), 887 
890) Later papers study desorption from metal 
films 

Application of the Dumas method to the 
determination of traces of nitrogen in iron and 
steel J. Coulombeau and E. Jaudon (Chim. 
Anal., 1960, 42, Feb., 61-68) The sample is 
heated with lead borate at 1050°C in a stream 
of CO,, the evolved gases are purified over 
copper oxide, hopealite and I,0, and N, is 
measured over 50°%,KOH. 

Development and application of an electro- 
chemical method of measuring oxygen K. 
Damaschke (Materialpriifung, 1959, 1, June, 
209-212) The method described can be used 
for measuring changes in concentration of Og, 
and various applications are described. The 
method can be used both for oxidizing and for 
reducing substances. 

Determination of oxygen in iron and steel 
M. L. Pearce and C. RK. Masson (Nature, 1960, 
185, Feb. 6, 373-374) Studies by the method of 
isotope dilution show values consistently 
higher than vacuum-fusion data. 

The determination of sulphur in cast iron 
H. Green (Metallurgia, 1959, 60, Nov., 229 
232) Possible sources of loss in the determina- 
tion of S by the combustion method are 
examined. For even approximately quanti- 
tative recovery SO, must be retained and the 
determination must be completed by an alkali 
titration; V,0, would be a useful flux under 
these conditions. 

A radiochemical investigation of the com- 
bustion method for the determination of sulphur 


in cast iron R. C. Rooney and F. Scott (J/SI, 
1960, 195, Aug., 417-421) [This issue]. 

Separation of some heavy metals by solvent 
extraction and by paper wince a ae G. 
Weidmann (Canad. J. Chem., 1960 March, 
459-464) Work on Fe, Co, and Cu shows that 
they can be extracted from Ni and further 
separation can be effected by change of acid 
concentration using tributyl phosphate. 

On possible analytical applications of some 
aromatic oximes. |. 2-carboxy—isonitrosoacet- 
anilide and its reactions with metallic ions F. 
Buscaréns and L. M. Munné (Anal. Real. Soc. 
Esp. Fis. Quim., 1959, 55, (B), Dec., 789-794) 
The preparation of this compound and its 
methyl ester is first described and a study of 
the qualitative reactions of 45 different metal- 
lic ions in acid, neutral or alkaline solutions 
with these compounds is then reported. The 


selectivity of the CO b NOH group is 
shown by the fact that only Pd reacts in an 
acid solution (sensitivity 1:200000), and Cu, 
Fe, Co, and Ni in alkaline solutions, with both 
reagents. The latter result offers a method for 
the colorimetric determination of Co since the 
other elements either precipitate out or can be 
complexed with cyanides to colourless forms. 
The sensitivity is 1:1000000 and Beer’s Law 
is obeyed even at concentrations of 1-2 y/ml. 

The extraction of ferric chloride with methyl! 
isobutyl ketone and amyl acetate A. Claassen 
and L. Bastings (*Z. Anal. Chem., 1958, (6), 
403-409). 

The absorptiometric determination of iron in 
uranium plant solutions, and plant inter- 
mediates (2:2’—-dipyridyl method) (/GO-AM/W- 
184, “— pp.6; from Nucl. Sci. Abs., 1959, 13, 
May : 1164). 

Analytical applications of the chelones. 
XXII. Direct volumetric macro- and micro- 
determination of nickel with EGTA, using 
Murexide as end-point indicator F. Bermejo 
Martinez and M. Paz Castro (Anal. Real. Soc. 
Espan. Fis. Quim., 1959, 55(B), Dec., 803-806) 
A method using ethylene glycol bis—(B-amino- 
ethy! ether)—N: N’—tetra-—acetic acid, has been 
found to give very accurate results in determin- 
iny the nickel in prepared solutions (of 100 ml) 
ranging from 0-328 to 131-2 mg. XXII. 
Direct volumetric micro-determination of 
cobalt with EGTA, using Murexide as end-point 
indicator (807-808) The method proposed, 
using the same reagent has been found to give 
good results for Co levels ranging from 0-304 
to 7 mgs but with greater concentrations the 
errors become too large.——P.s. 

a R-Salt: reagent for cobalt and iron 

. Reynolds and P. Casapieri (Org. Reagents 
for "ier Monograph No.33, 1957, pp.7) (57 
refs). 

The use of the polarograph in ferrous metal- 
lurgical laboratories. 1. The determination of 
copper, nickel and cobalt in presence of one 
another in steels G. Thanheiser and G. Massen 
(SLA—-59-20473, trans. from T'rans. 
Wilhelm—Institut Eisenforsch. Mitt., 
(2), 27-46; from US Techn. Trans., 
Jan. 8; no abstract 

The potentiometric reduction of solutions 
containing molybdenum and tungsten ions 
H. K. El-Shamy and M. F. Barakat (Egyptian 
J. Chem., 1959, 2, 191-205). 

Separation and gravimetric determination of 
niobium, tantalum and titanium by precipita- 
tion with N-benzoyl-.V—phenylthydroxylamine 
F. J. Langmyhr and T. Hongslo (Anal. Chim. 
Acta., 1960, 22, April, 301-305) The method 
was applied to analysis of minerals. 

Formal oxidation potentials of iron, pluton- 
ium and neptunium determined with a con- 
trolled potential coulometer R. W. Stromatt, 
R. M. Peekema, and F. A. Scott (HW W—-58212, 
1958, Nov. 12, pp.23; from Nucl. Sci. Abs., 
1959, 13, May 31, 1164). The Fe (11/111) poten- 
tial was determined as — 0-767 volts. 

Development of apparatus and methods for 
chemical and electrochemical spot testing 
titanium in stainless steels (PB 139162, 1957, 
Oct., pp.3; from US Res. Rep., 1959, 32, Deo. 
11, 682) Chromotropic acid is used. 

The analytical chemistry of zirconium 
G. W. C. Milner and J. W. Edwards (Analyst, 
1960, 85, Feb., 86-97) A review (139 refs). 

Improvement of accuracy in the spectro- 
chemical analysis of high alloy steels Res. Inst. 


2 


Kaiser 
1937, 19, 
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of Iron and Steel, Peking (Acta. Phys. Sin., 
1959, 15, June, 285-295) [In Chinese] It is 
shown that, with refinement of all stages of 
analysis, the min. standard deviation for the 
photographic method of spectrochemical 
analysis of high-alloy steels is about 1% 

Internal standard method of general spectro- 
graphic analysis F. M. Smith (HW -59864; 
1959, April, pp.15; from Nucl. Sci. Abs., 1959, 
13, Sept. 15, 2020) A moderately precise 
method for 20 elements with an average devia- 
tion of + 15% is described. 

Spectrochemical analysis of carbon in steels 
and cemented layers of cementation steels 
Chen Bin, Din Li-Tszyun, and Val Lin (Acta 
Phys. Sin., 1959, (10), 513-520) [In Chinese, 
with summary in Russian] A method is describ- 
ed of quantitative analysis of carbon in these 
steels. A quartz spectrograph is used with two 
sources, a spark generator and a high-frequency 
generator. The mean-square error is 3-65%, for 
the spark generator and 5-77% for the high 
frequency sparking. 

Rapid analysis of steels on a model of a 

photoelectric instrument V. N. Vovk and I. G. 
Savich (Zavods. Lab., 1959, (8), 969-970) A 
photoelectric apparatus is described for emis- 
sion spectrographic analysis constructed in 
1956 by the State Optical Institute (Jzvest. 
iN SSR seria Fiz., 1955, 19, 1) which since 
May 1957 has worked round the clock in a 
steel plant at a distance of 40-50 m from the 
furnaces. A constant temp. of 22-24° is main- 
tained in the space surrounding the apparatus. 
Some results are given. 

infrared absorption spectroscopy, a modern 
aid to chemical analysis and material testing 
E. G. Hoffmann (Elektrowdrme, 1959, 17, Aug., 
310-313) The use of automatic scanning infra- 
red spectrophotometers for scanning infrared 
absorption spectra is discussed. 

Methods of spectrographic analysis of high 
purity metals L. N. Filimonov (Zavods. Lab., 
1959, (8), 936-946) A review of the work of 
many investigators both in Russia and 
abroad (67 refs). 

Spectrochemical determination of tungsten in 
the presence of molybdenum N. I. Tarasevich, 
4. D. Khliystova, and E. A. Pak (Zavods. Lab., 
1959, (8), 955-956) A method of analysis is 
described suitable for small amount of W (of 
the order of 10-%%) in Mo while by direct 
spectral analysis it may be determined only 
down to 0-05-0-02%. A method of chemical 
enrichment is proposed using inorganic sub- 
stances such as silicic acid, metastannic acid, 
zirconium phosphate, and ammonium phos- 
pho-molybdate which makes spectrographic 
analysis possible. 

Standards for spectrographic analysis L. 
Filimonov and -olyakova (Zavods. Lob. : 
1959, (8), 972-983) Some methods of preparing 
and testing the standards are given and the 
determination of the concentration of the 
elements in the standards is explained. 

Spectrochemical analysis of steels by the 
method of transfer to counter-electrodes A. 
Garrido de Bartolomé ( Rev. Ciencia A pl., 1959, 
13, July—Aug., 322-325) The method is applied 
to high-alloy steels, using a Hilger high-disper- 
sion spectrograph. A probable error of +8%, 
and +10% are obtained for Cr and Ni respec- 
tively. 

Spectrographic analysis of solutions with 
spark excitation A. Larsson (Jernkont. Ann., 
1959, 143, (8), 508-522) The method described 
involves partial evaporation of a drop of solu- 
tion on the Cu or Ag electrode tip. Details are 
given of procedures for analysis of steel, Cu 
alloys, and slags. 

Zirconium analysis by production control 
quantometer ©. L. Easterday (Anal. Chem., 
1959, 31, Nov., 1867-1868). 

Layer-by-layer analysis of aluminised steel 
by spectral line-width methods Heat Treat. 
Res. Inst., Hankow (Acta. Phys. Sin., 1959, 15, 
June, 305-310) (In Chinese] The relationship 
between Al concn. and line width can be used 
for quant. analysis of the aluminized layers. 

The removing of disturbances in the working 
of spectrophotometers and other measuring 
instruments caused by spectrographic sources 
of excitation J. Czakow (Chemia Anal., 1959, 
4, (4), 753) It was found in the department of 
chemical analysis that spark and are generat- 





ors used in emission spectrographic analysis 
affected the readings of other measuring 
instruments. This fault was rectified by intro- 
ducing additional earthing. 

Resorcinol as a reagent for the spectro- 
photometric determination of ferric iron G. S. 
Rao (Anal. Chim. Acta, 1959, 21, Dec., 564- 
568). 

Spectrophotometric determination of vanad- 
ium in iron and steel by phosphotungstic acid 
method H. Kitagawa and N. Shibata (Nippon 
Kinzoku, 1958, 22, Nov., 580-583) An opti- 
mum procedure is described, based on masking 
Fe, Mo, Ti, and other elements by addition of 
HF .—k.E.J. 

Spectrophotometric determination of cobalt 
after extraction of the thiocyanate compiex 
with acetylacetone W. B. Brown and J. F. 
Steinbach (Anal. Chem., 1959, 31, Nov., 1805 
1806) Fe and Cu are not extracted under the 
conditions given. 

Spectrophotometric determination of small 
amounts of lead in on iron K. Ota and S. Mori 
(Nippon Kinzoku, 1959, 23, Jan., 42-44) The 
existing method using dithiaons e xtraction in- 
volves warming the soln. with NH,OH,HCI; 
Rochelle salt and KCN, for masking Fe!"', but 
gives variable results. This is obviated by re- 
ducing Fe! with NH,OH,HCI at pH 2-5-3-0, 
and then adding Rochelle salt and KCN. With 
benzene as solvent for dithizone, one extrac- 
tion suftices. The method is suitable fo cast 
iron and carbon steel 0-003 
0:04°% Pb.—K.E.J. 

Rapid spectrophotometric determination of 
vanadium in all materials P. Blanquet (Chim 
Anal., 1959, 41, Sept., 359 367) \ up to i%1i 
determined with an absolute accuracy of 
+O-O1 in the presence of all proportions of 
Fe, Co, Ni, Mo, Cr, W, and other materials, by 
using the blue coloration obtained with pyro 
eatechol in an ammoniacal medium. Optical 
density is measured at 800 mu. A modification 
is described for V contents ty 

Direct-reading spectrochemical analysis us- 
ing X-ray and optical emission a. 1. mi. 
Kelly (Can. Min. Met. Bull., 1959, 52, Nov., 
687-693) Steel analvsis is outlined. 

X-Ray fluorescence analysis of stainless steel 
in aqueous solutions R. W. Jones and R. W 
Ashley (Anal. Chem., 1959, 31, Oct., 1629 
1631) Nb, Mo, Cr, and Ni are determined, the 
three latter after separation of the Nb. 

Quantitative analysis of Fischer-Tropsch 
catalysts by X-ray diffraction. Determination of 
alpha-iron, magnetite, and iron carbides |’. H. 
Herbstein, J. Smuts, —* J. N. van Niekerk 
(Anal. Chem., 1960, 32, Jan., 20-24) 

Studies on ‘analytical methods for trace ele- 
ments in metals by using a radioactive isotope. 
1. Determination of zirconium in steel. 11. 
Determination of niobium and tantalum in 
steel H. Amano (Sci. Rep. Res. Inst. Tohoku 
Univ., 1959, 11, (4), 296-303; 304-311) [In 
English} Ll. Using Zr as tracer, the 
of the phosphate, arsenate, basic selenite, end 
mandelate methods for determining Zr, and 
mercury cathode electrolysis and ion-exchange 
resin methods for separating Zr from iron were 
examined. Zr should be pptd. as phosphate 
after separation by mercury cathode electroly- 
sis (14 refs). LI. Methods for determination 
and separation of Nb and Ta were studied, 
using *8Nb and '®?Ta as tracer and radioactive 
indicator. The best separation method used 
perchloric acid hydrolysis; after the single 
separation from Fe, the sum of Nb and Ta was 
titrated. with Cupferron using '8*Ta as radio 
active indicator (11 refs).—K.E.J. 

Studies on analytical methods for trace ele- 
ments in metals using radioactive isotopes. 11. 
Radiometric titration of niobium and tantalum 
in steel H. Amano (Nippon Kinzoku, 1958, 22, 
Dec., 625-628) A successful method is based 
on the use of ®Nb and !8?Ta as tracers. After 
a single separation from iron using the per 
chloric acid-hydrolysis method, titration is 
carried out on a cupferron soln. with 12] 
radioactive indicator (11 refs).—x.8.J. 
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INDUSTRIAL USES AND 
APPLICATIONS 
Modern hot-working steels for tools for the 


hot working of non-ferrous metals H. M. Hiller 
(Metall., 1960, 14, April, 310-317) The advan 


tages offered by modern Mo-bearing steels for 
hot-working tools for non-ferrous metals as 
compared with the hitherto used W steels are 
pointed out. In order to help the 
and consumer of tools in the selection of steels 
a number of examples are quoted in which the 
two steel types are compared.—-7T.G. 

How to select stainless steel for use in the 
mining industry. Part 11. Experience with stain- 
less in the field RK. E. Paret (Eng. Min. J., 1960, 
161, Jan., 80-84) Use of 
mining application in co 
conditions, in sizing and classification, smelt- 
ing, and refining is illustrated by examples. 

Stainless steel as automotive trim ©. ©. 
Durbin (AIMME, Elect. Furn. Steel Conf. 
Proc., 1958, 16, 103-105) The author briefly 
outlines the extent to which stainless steel is 
used tor exterior trimming on 
The influence of colour on the choice of stain 


toolmaker 


stainless steel for 


rrosive and abrasive 


automobiles. 


less steel type is discussed G.I 

Steels in the manufacture of automobile parts 

. de Lima e Silva (Eng. Min. e Met., 1959, 
30, Nov., 257-264 In Portuguese A range of 
steels, proposed as standards, is discussed and, 
for each steel a table of properties is given. 
These tables give details, hot working 
and heat-treatment data, and mechanical 
charts. Substitute steels are listed 
and commented upon. A final table lists the 
range of parte, their working conditions, the 
properties on neta and the 
SAE numbers Pr 

Materials for exterior bright — on passen- 
ger cars 1D). N. Frey 17MM Elec. Furn. 
Steel Conf. Proc., 1958, 16, hs 109) The 
factors governing the choice of material for 
exterior trimming on automobile 
reference being — to exterior trim on a 
typical 1959 car G. 

Survey of ouhanet ‘valve materials ©. W. 
Vigor (AIM ME, Elec. Furn. Steel Conf. Proc., 
1958, is, 110-115) The author reviews recent 
trends in the use of exhaust valve 
and discusses the reasons why better materials 
are required. The three |! 
steel (ferritic, sigma-hardening, and austen 
itic) currently l 


general 


prope rty 


recommended 


s is discussed, 


materials 
asic types of stainless 
available for valve service are 
considered G.F. 

Seven uses of precipitation —oe saie- 
less steels (Mat. Design Eng., 1960, 51, Jan., 
132) The advantages offered by four gr: in s of 
alloys, 17-4 PH (reactors), 17-7 PH (micro 
switch interior springs), AM-—-350 (Wing-web 
sections, and fuel tank and camera pod of X—7 
missile), and AM—355 (fuel container for solid 
fuel rockets), are stated and their 
trated.—-s.H.-s. 

High strength alloy pipe answer to thermal 
stress Freeport Sulphur Co. (Steel, 1960, 146, 
Jan. 18, 97) The arrangement of three cor 
centric Mo—Mn steel 
pipeline for molten sulphur is described. 


uses illus. 


pipes forming a 7 mile 
rhere 
are no expansion joints or loops. The outer 
protective 
the inner while they are at an inter 
mediate temperature; the stress at all tempera 
tures is thus minimized.—D.L.c.P. 

Economic comparison of zircaley and stain- 
less steel in nuclear power reactors \!. Benedict 
(N P7260, 1958, Feb., pp.35; also in Energia 
Nucleare, 1958, 5, 493-508; from Nuel. S¢ 
Abs., 1959, 13, March 31, 1205) Zircaloy is less 
expensive than stainless steel and can be used 
extensively. The balance point in the prices for 
various reactors was calculated. 

Titanium v.s. steel__a symposium. Introduc- 
tion W.J. Harris, jun. (J. Met., 1960, 12, Feb., 
124). The general case, titanium W. W 
Minkler (124-126). Case for steel K. B. Gunia 

126-127). Airframes titanium I. A. Simkovich 
(128-129). Steel in airframes °. A. Green (129 

131). det engines—titanium (:. S. Wile (132 

133). Steel in jet engines KR. EF. Patsfall (134 

136). Pressure vessels—titanium A. Hurlich 
136-138). Steel in pressure vessels J. F. Baisch 
138-139). Solid-fuel motor cases, titanium J 

Sohn (139-141). Steel in solid-fuel motor cases 
D. K. Hanink (142-143). Applications, chem- 
ical and marine, titanium G. K. Prescott (143 

146). Metals in chemical and marine applica- 
tions F. W. Fink (146-148 

Design information on 5 Cr alloy steels for 
aircraft and missiles F. KR. Morral, RK. J. Favor, 
and W. P. Achbach (DMIC Report 116, PB 


pipe is prestressed and fastened to 
pipes 
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151072, 1959, 4 p.42) H-ll type 
steels have high strength-density ratio at 
hardenability for air 
quenching and a tempering temp. of 1000 
1100°} They la corrosion resistance, are 
susceptible to notch effects, may have low 
transverse ductility, 


~~ 1 OO F, sutlicient 


and the mechanical prop- 
erties are sensitive to carburization and decar 
burization. Data fror 1 reports and 
papers are collected 

Free machining stalniecs epgrates missile 
parts Perfecting Service ( 1, 1960, 146, 
Jan. 25, 69) Process ad‘ s from making 
an important threaded missile component from 


natead of Cr 


antag 


free machining stainless steel 
eine per described D.L.¢ 
Demand for missile materials mg metals 
research W.S. Lyman (/ron Age, 1959, 184, 
Nov. 19, 124-126) The role of missile « levelop- 
ment in stimulating metallurgical research is 
liscussed, Problems posed include extreme 
temyr rapid fluct load, and ti 
effects of reactive or corrosive fuels A.G. 
Development of iron aluminium base alloys 
for gas cooled reactor components. Second 
quarterly progress report J. Mueller (MND 
DB-2522, 1958, June, pp.86; from US Res. 
Rep., 1959, 32, Aug. 14, 278; no abstract 
Development of iron aluminium base alloy 
for gas cooled reactor components: quarterly 
progress report No.4 for Sept. through Nov. 
1958 F. Tate WN D-~DB-2524, 1958, Dec 
pp.49; from US Res. Rep., 1959, 32, Aug. 14, 
278; no abstract 
Stainless steel__uranium dioxide fuel com- 
ponents for army package power reactor .. | 
Cunningham and R. J. Beaver (Nuclear Met., 
1958, 5, 20-40) Fabrication is described 


lations in 


HISTORICAL 


Abraham Darby and heme coke-smelting pro- 
cess M. W. Flinn 1959, Feb., 54 
59%, reprint Arguments for a later date thar 
1709 are presented 

‘Goalbrookdale 1709 to 1959 A. Raistrick 

ound. Trade J., 1959, 107, Oct. 1, 239-247 
An illustrated historical survey 

British ironmakers and ironfounders abroad 

Schofield (Found. Trade J., 1959, 107, 
Dec. 10, 589-590) Brief biographies of John 
Hughes of Stalino and John Wilkinson of 
Nantes and Le Creusot 

Castings for the Colonies America’s first 
iron works (Mod. Cast., 1960, 37, Jan., 48-49 
The history of the Saugus Ir which 
has been restored, is outlined 

The casting of grey iron, before the introduc- 
tion of the new materials and methods of manu- 
facture. 11D. Iturrioz (Vet. y Electr., 1960, 24, 
March, 75-84) A comparison of past with pres 
ent methods in: (1) Coke furnaces, blast-furn 
ntering furnaces, foundries, homogeniz- 
ing kilns, reheating furnaces, rolling plant, 
competitic and methods 
and competition between grey iron and other 
materials and methods A general review 

The beginning of sheet rolling in Saxony 
1823-1827) I. Matthes (Stahl Hisen, 1960, 80, 
March 31, 437-441) Historical r.G 


mworks, 


aces, 8 


m with other materials 


ECONOMICS AND STATISTICS 


The economic topography of iron and steel in 
Europe E. Reiffer (Nachr. Eisen—Bibliothe 
Georg Fischer AG, 1959, 8), Dec., 69-73 n 
summary of a lecture by H Boesch to the 
sibliothek meeting in Nov. 1959 
dealing with the economic trends now emerg 
ing clearly in the iron and steel industry. 


second Eisen 


The iron balance in the national economy 
A 


L. L. Zusman and 
“ee 164) Mainly 
to non-recoverable loss 


Brodov (Stal’, 1960, 


statistical, and re fe rring 
largely in smelting, 
ise, and recovery, including corrosion losses 

The industrial situation. tron and steel pro- 
duction in France in the course of 1959 (//sine 
Nouv., 1960, 16, Jan., 14 11-12) An analytical 
review of production figures, 
market for special steels in 1959, and the pros- 
pects for 1960 S.H.-8 

The future of the Soviet 
industry P. I. Korobov (Stal’, 
A discussion of the 
plan during 1959, with 


steel prices, the 


iron and steel 
1960, 1), 1-4 
progress of the seven-year 
tatistics. 
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Soviet iron and steel. The drawbacks of wide 
a) spanee | Times Rev. Ind., 1959, 13, Dec., 
72 )} With sketch n ay 

The mineral production of the Indian Union 
during 1949 M. S. Krishnan (Records Geol. 
India, 1954, 83, (3-4), 521-702 
Himenite (575 574). lron-ore, pig-iron and 
steel (574 578). Consumption of iron and steel 
materials (579) Statistical. Manganese-ore 
585-589 

Japan’s iron and steel industry 1958. Sum- 
mary (Japan’s iron and steel industry 1959, 
89-98) Statistics and prices. Exports of iron and 
steel in 1958 Japan Iron and Steel Exporters 
Association (99-107) Statistical. Galvanized 
iron sheets 1958 production and exports (124 
125). Wire products 1958 production and 
exports (126 128). Special steel industry 1958 
summary (130) 155). Ferro-alloy industry (155) 
Casting and forging industries (136-139). 
Statistics (Part IV, 195 224). Directory of iron 
and steel makers (Hart \, 259 276 


Survey 


MISCELLANEOUS 


Why is a metallurgist? .. M. Hog Justral 
Eng., 1959, §2, Nov., 49-55, 69) A review of the 
work of metallurg capacities, 


iste in arious 


especially in research, and its application in 
industry 

The role of the industrial engineer in the 
steel industry J. bk. Angle (/ron Steel Eng., 
1959, 36, Aug., 63-66) The development of 
industrial eng its relation to the or 
function it should be 
benefits are to be 


neering, 
and the 
maximum 


an 


vation, assigned 
if derived are 


chscussed 


—_ estimating metal working plants A. J 


Steel Eng., 1959, Sept., 87-09 
and 


mao (Jron 


J 
illustrated by means of a 


nownh 


d example how + liminary cost 


BOOK NOTICES 


AITCHISON, L History f Metals’. Two 
olumes. 11 4 itk., Pp.XX! 303, xvii 344 
Ilustrated. 1960. London: Macdc 
Evans Ltd. (Price, two vols. £8 8s 

Written by a very co 
lurgist with an 
huis field, this work 
history of metallurgy itself 
vith a sound, though never 
cussion of the 
which 


become a histor 


mald & 
mpetent metal 
unusually wide knowledve ot 
is far more than a mere 
Linked as it is 
verbose, dis 
round a 
these 
material eve 
general 
Starting from the neolithic age 
traverses th ole sequence 
ment until his oO 
billet of plutonium and 


historical backg 
veloped, 
of the 
of human society in 


yainst 
volumes 


metallurgy ce 
lution 


1 author 


illustration 
a section through a 
With 


ver some 


sample of neptunium respectively 
ich an immense field, extending « 
31X OF isand years, 
danger of the treatment de 
iperticiality. Phat this is 
ase no one to whom the author is know: 
vill need to be reassured. Not only the 
metallurgist but also the historian and 
find real meat into 
to get his teeth. But— and it is a big but 
the presentation is s and the large 
thar and 
reproduced that it may be 
lligent reader; 
from technicalities is one of 


seven thor there is a 


yeneratin into 


far from being the 


archeologist will which 
» happy, 
number of 

ntally 
read with ple 


freedon 


ns so well chose: 
imei 
assure bY any ints 
ts out 
standing virtues 

In volume LI whi arries the story down 
to about 1000 AD, tron plays a somewhat 


subsidiary role; in the second this state of 


versed. First and then 
r steel take the ce 


but supported by 


affairs is re wrought 
cast-iron and lat: 
the stage 


secondary (not 


ntre 
a strong cas 
Wher 


most pe 


ferrous parts 
3th Century opened, iron —in 
Europe and certain! ! ngland 
being extracted fre 

ethod 

enia earl Further, 
for stating th 
ist 


ni 


exactly the 
- 
il 


it metallurg 


Century’, 


mediaeval until the 
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estimate can be made which is ealeulated by 
the metal engineer and is sufficiently 
accurate for appropriation requests 

Electrowinning tungsten and associated 
molybdenum from scheelite J. 13. Zadra and 
J. M. (US Bur. Mines, Rept. Invest., 
554, 1959, pp.23 

The crystal structure of iron (II) 
tetrahydrate . R 


{eta Cryst., 1959, 


working 


Gomes 


chloride 
Penfold and J. A. Grigor 
12, Nov., 850-854). 

Crystal lattice and space group of anhydrous 
ferrous sulphate | Boyat (Acta Cryst., 
1959, 12, Nov., 939) [In French 

The distillation of mixed chlorides obtained 
by the chlorination of ferro-niobium J. S. 
Broadley and B. R. Steele (PR DB(C)TN-109, 
1955, Jan., pp.8; from Nucl. Sci. Abs., 1959, 13, 
May 31, 1167) Pure Nbé I, could be obtained 
by this process 

Arsenides of the transition metals. 111. A note 
on the higher arsenides of iron, cobalt and 
nickel KR. DD. Heyding and L. DD. Calvert (Canad. 
J. Cher 1960, 38, Feb., 313-316) Cry 
structures are given from powder cl 
studies. 

Microstructure of silica in ay presence of 
iron oxide L. H. va: ack er. Ceran 
Soc., 1960, 43, } ae and 
haem 2800 F 


. Coing 


stal 
firaction 


atite were if ee Oe it up to 
and structures are shown 

Electronic data processing \W. K. Sinith 
Tron Steel Eng., 1959, 36, Sept., 160-166) The 
mechanism of the electronic computer 
and its appl 


data processing are 


eribed in outline, and 
other systems for 
eribed, with particular reference t ethods in 
ise at the Steel Division of the “ord Motor 
{ ompany at Mi hig 

Present status and trends in data processing 
and programming in the steel industry !:. M. 


ations 


des 


Figure 249 


letter trom Sorby 


d tor the first time a 
to Sir Robert Hadfield. It 
feat to have welded all this 
rm a coherent story which is so 
well illustrated, excellently 
produced, and thank goodness well 
indexed F.C, THOMPSON, 
LEGRE, R et al Etudes ae Py smeetrve 
Pratique’. Pre du G. Ribaud. Collection 
de PA.N.R.T. 9} « 6in., pp.231, Llustrated. 
1959 Paris Evrolles, Gautier—Villars 
Price 3300 Fr 
This book four 
panel of eight authors on particular branches 
where recent 
The tirst part 1s a 
different techniques of 
1ent confined to head 
notes. The 
with the use of thermistors 
of resistance thermometry 
The circuitry considered is equally applic 
able to platinum re Part III 
deals with the peme ralapy lication of thermo 
couples illustrated for the ular case of 
platinum 7 platinum /rhodium 
tions. There is a very 


hy] 
possible 


s reproduce 


In a remarkable 
together to to 


well written, 


face 


comprises essays by a 
of temperature measurement 
advances have been made. 
of the 
temperature measuren 
very short 
econd part deals 


brief survey 


ings and 


ale BCriptive 
as a special case 


‘sistance devices. 
partic 
combina 
good description of the 
of error and the means by 
which their effect may be reduced 

tables of the outputs from various ¢ 


sources 
teference 
ombina 
given but more informa 
ges of ‘different e 
been 


tions of couples are 
on the adv 
tions would have 
sensitivity of the 20° and 40° 
combination to cold junction 


ym bina- 
better, e the in 


tior anta 
rhodiun 
temperature 
change is not commented upon. The longest 
and best part of the book is devoted to 
optical pvrometers and in particular to 
flame temperature measurement 
photocell receivers. A valuabl 
of the different techniques neede 
types of flame and details of pyron 
\ section of this paper is devoted to 
ction pvrometers which is certainly rele- 
with the 


using 
description 
a tor various 
eters 18 
wivel 
vant and useful, but ine¢ 
title of the paper J. R. Parrison 
Battey, A. R. ‘A Text-Book of Metallu 


msistent 
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Sills and G. E. Terwutiger (Iron Steel Eng., 
1959, 36, Aug., 72-78) The authors 
possible methods of data processing as applied 
to the control of physical measurements, in 
relation to and to trends of 
development. Applications to the 
plant, blast-furnace, open-hearth furnace, hot 
mills, and the production and 
strip are outlined 

Solving operating problems with electronic 
computers W. ©. Blattner (Blast Furn. Steel 
Plant, 1960, 48, Feb., 183-187) A review of 
various techniques and types of problems for 


describe 


systems in use 


sintering 


processing of 


which eleetronic computers are used. 

Pressure-drop measurements through beds 
of granular iron, lathe turnings, steel wool and 
— plate ly i R. M. and 

Decke US Bur. Mines Invest., 
+e, (5541), dh The data are intended for 
Fischer-Tropsch process studies. 

Consider automation growth key to plant 
modernization A. J. McLaren (Iron Age, 1959, 
184, Oct. 8, 105 107) The need for metal 
ers to investigate the possibilities of 


tion 18 stressed. Standard 
yvreater 


Jimeson 


Rep 


/ 


work- 
automa- 
unit components are 
giving ich flexibility to automat 
operations and thereby making them profite 
to smaller companies A.G. 
The attitude of the workmen in the iron and 
steel industry against innovations in running 
the workshop 1). A. Jures (*Stahl Eisen, 1960, 
80, March 31, 429-437) This is a itrit 
to the European Productivity Centre. To sum 
up this rather philosophical account it « 
that the workmen in the 
eases do not mind 
tion, partly 
introduced 


in be 
said majority f 
changes, 1.e. moderniza 
and the like, being 
rkshop, as long as they 
yviven the proper 


yperation I 


automation, 
n their we 
med beforehand and 
training for the new n le of 


are infor 


nicl « h 54 in., 3 x 561. 


- PI 
1u60 on lor Macmillan <& 
Pric , 

In th vised edition the text he 
parts, and in some 
general the ‘tains its 

rhe first 176 page 
arious aspects of physical metal 

‘ ext third is devoted to extrac 
and refining processes of ferrous and 
ferrous metals, and the rest of the 
ade up of chapters on mechanical test 
working, joining, powder metallurgy 
Many in portant 
grams appear in one of four appenc 
Another deals at some length with methods 
of writing metallurgical reports. At the end 
of the book there is a large collection of 
questions selected from past examinations 
over a range from ordinary national certifi 
level to final he 
versities The 


“ases Te- 
book re 


sition ‘S are 


book 


pyvrometry binary 


lices 


mours of several Uni 
wide field th 
covered has not permitted of anything more 
than an introduction but the list of add 
tional reading at the end of each 
should be of great benefit. The 
been very 


cate 
been 


hapter 
author has 
ambitious in his ideavour to 
include so much in a book o out 570 
pages He has defini ied the stu 
dent with a good appreciation of the 
principles and practice of metallurgy and the 
book 


tely 
general 


prov 


ean be highly recommended 
I. Macpove 

HALMERS, 

Series on 

Material 

trated 

Wile 

Price 


place . Vs 
quantitati approach with eve 
emphasi underlying scientific 
New and important experimental techniques 
have plaved a vital part in making these 


ding the ev 


principles. 


possible and im pro, 





lence to substantiate new ideas and theories 
In fact, tec hniques play such a vital part in 
modern physical metallurgy that too much \ 
importance is sometimes attached to tech rhtly given i 
niques per se, and too little to the informa lrawn with a Fahrenhei 
tion they provide about metals, their has been superimposed a 
properties and behaviour. In the book under It is promised that a table of te 
review, Professor Chalmers has deliberatels equivalents will appear in a later 
gone to the other extreme. He has written comprehensive index enables the 
an introductory text-book on physical find any particular information with ease, 
metallurgy in which no attempt is made to though the use of the symbol Ar for Argon 
describe experimental techniques. Instead, may temporarily confuse ! eaders. One 
the results of the se techniques are discussed important outcome of a collec yn of data of 
as and where necessary t » build up a coher this sort is that it brings to ligh he gaps in 
ent and logicall developed pic ture of the information. This volume makes 
physical metallurgy, written from the mod that there is a serious lack of data 
ern scientific point of view, and vet intro nitrides, carbides, and sulphi s, and one 
ducing much of what is valuable in the hopes that this fact w stunulate further 
classical approach. Starting with a discus research. The authors have made a goo 
sion of the atomic structure of the metals he start to their work and it is t oped that 
considers metallurgical phenomena from the subsequent volumes will né too long 
point of view of the atomic processes in delavec E. INESON 
volved, and correlates the quantitative and AS, Editor e Maki 
the descriptive viewpoints wherever p owlar on C 
sible 
Some might criticise the treatment as t 

being somewhat superficial, but this would be t Keen Lron & Stes 
to ignore the point of view from which the ew industrial concerns 
book has been written. As he makes clear u i back for 200 vears; and none 
his preface, the author prefers students to be , has marked the « 
introduced to scientific physical metallurgy ‘ rv more fittingly than the 
after they have already reached a fairly Iron & Steel Company. The 
advanced stage in the basi physical shown large-mindedness and 
sciences. Then too, the student is expected depositing their massive re¢ 
t read lsewhere both t« learn about of students, in the Glar 
experimental techniques and to ac juire the Record Office: in this volume 
juantitative f | that the author has wider public a sample of m 

( that the drawn from more than 500,000 | 

shall ste vut the more collecti at Cardiff. The 
learly ude who take is advice will story of the relations, compe 
acquire a good knowledge of physical metal perative, between the Dowlais partners and 
lurg and will find this ook an excellent er pi er firms in South Wales 
guide to the subject, anc 1e that will make ‘ eaused by tl ebb and 
them appreciate how the different pieces ‘ F rom the Navy, 
the jigsaw of physical metallurg railw , for Dowlais u 
Those who «dk and 

reading, but expec ‘ ‘ irse of | cal pol tic 


ts own, 


x topes i 
or re-read the 
metallurgists who ha 
odern developments 
alue in giving them, 
authoritative bird’s 


vsical metallurgy 


nee book to 
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schutz’. Proceedings of a symposium in 
Frankfurt-Main, 11-12 February 1958. 
84 x 54 in., pp.xvi+ 229. Illustrated. 1959, 
Weinheim/Bergstr.: Verlag Chemie. (Price 
DM.30.-.). 

APPLEGATE, L. M. ‘Cathodic Protection’. 
9} x 64 in., pp.ix+229. Illustrated. 1960, 
New York; Toronto; London: McGraw-Hill 
300k Company Ine. (Price £3 10s. Od.). 

Of the above three publications that by 
Morgan is most informative and appears to 
be the first English text-book on cathodic 
protection. The theoretical simplicity of the 
principle on which this process operates 
offers the possibility of complete freedom 
from corrosion as a practical target. All 
other anti-corrosive measures seem by con 
trast to be 
much as possible for as long as possible. 

Morgan’s text-book is well planned and 
its lists of figures and plates immediately 
after the contents list will save students 
time. The 11 chay ters commence with one 
on the historical and theoretical aspects but 
quickly get down to practical cathodic pro 
tection parameter (he line drawings are 
clear and the photographs excellently repro 
duced. The book explains in a practical 
manner the techniques employed in this 
method of preventing corrosion. Chapters 2 
to 5 treat cathodic protection as a technique; 
chapters 6 to 9 consider methods of achieving 
protection on a wide variety of structures; 
chapters 10 and 11 deal with instrumenta- 
tion and economics. The bibliographies at 


rear-guard actions saving as 


the end of each chapter should help new 
students of the subject but it seems surpris- 
ing to find no reference to the work of the 
Joint Committee for the Co-ordination of 
the Cathodic Protection of Buried Strue 
tures’ dated 1957 

The German book n a handy, 
neatly printed report of wo-day sym- 
posium held in Frankfurt-Main during 
February 1958 and organized by the Con 
mittee for Corrosion and Corrosion-Preven 
tion of the Deutschen Gesellschaft fur 
Metallkunde 


of yearly symposia in Germany and corres 


his was the fourth of a series 


ponded closely with that on the same sub- 
ect held in 1953 by the S.C.1 
Group im London The 


work of separate 


Corrosion 
chapters are the 
authors. H. 
Steinrath commences with an _ historical 
introduction; H. Kaesche deals with theo- 
retical principles; W. Rausch recommends 
the use of magnesium electrodes for protec- 
tion against fresh 
waters; J. Lepper considers the use of sacri- 
ficial electrodes in preventing sea water 
corrosion; H. Klas says there has been an 
inexpectedly rapid development of cathodic 


(,erman 


corrosion caused by 


protection for steel pipes and other construc 
tions buried in the ground. So the book pro 
ceeds with further sections by H. Riedel, 
W. von Baeckmann, K. Thalhofer, and G. 
Schikorr; concluding with a bibliography by 
W. Wiederholt and H. Kaesche, 34 pages 
long and divided into 16 sections. 

rhe American book is the work of a pro- 
retired Lieutenant 
Colonel with experience of an inspection 


fessional engin a 
assignment in which he observed corrosion 
problems from Maine to Okinawa, It sets out 
to be a guide to engineers who are advised to 
do-it-yourself. So the author gives practical 
how to-do-it example } 

the methods 

buried pipelines i , aviation 
tanks, lock and r 


se 


f . tard-uy ships, and 
» on. A refre ing, If not undul 
attitude pervades I ‘ 


Vv scientific 

advises engineers t 

themselves about pre 

the techniques of catho 
These tech 

wanted corro 

and emp! i 

The literature 

rapidly in the form | 

rhe simultaneous appearance 


books underlines the growing u 


portance 
the ibject 

r. HENRY 
Newton, J. ‘é Vetalluray’ 
pp.vi 
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London: John Wiley & Sons Inc.; Chapman 
& Hall Ltd. (Price £3 18s.). 

This book is essentially a revised version 
of a part of the 1947 edition of Newton's 
‘Introduction to Metallurgy’. An attempt 
has been made to discuss principles rather 
than give detailed descriptions of plant and 
yractice. In a limited way the author has 
ea successful but his treatment is often 
fragmentary. The chapter on ore dressing is 
reasonably well done at an elementary level 
but the chapter on chemical principles is 
disappointing. A student reading metallurgy 
should already be familiar with simple 
chemical equations and the chapter could 
have been improved by giving more space to 
the physical chemistry of process metallurgy. 
Fifty-seven pages of physical metallurgy 
seems rather a lot to incorporate into a book 
on extraction. Phase diagrams have their 
application but a discussion of topics such as 
Miller indices, metallic bonding, or the 
martensite reaction seems to be pointless. 
rhe ‘Extractive’ portion of the book is con- 
tained in three chapters which also include 
refining processes such as steelmaking by 
convertor, open-hearth, electric are, and 
induction furnaces 

The book is printed in clear type, well 
illustrated, and carefully chosen references 
are given at the end of each chapter. 

As a general introduction to ‘Extractive 
Metallurgy’ the book probably fulfills its 
function in a superficial way but its 532 
pages could have been used to better advan 
tage by the omission of many extraneous 
topics. A. J. MacDovuaaut 


*arnR, N. L. ‘Zone Refining and Allied Tech 


niques’. With a foreword by E. J. Vaughan. 
84 x 54 in., pp. xvi-+ 184. Illustrated. 1960, 
London: George Newnes Ltd. (Price £2. 

The process of ‘zone refining’, based on 
simple physical principles and applicable 
with the minimum of manipulation, arrived 
at a time when the important effect of trace 
impurities on specific properties of materials 
became fully appreciated. Developed by 
W. G. Pfann in the first place for the puri- 
fication of germanium in semi conductors, 
the technique has been eagerly investigated 
and adopted by many workers in the puri 
fication of elements, and of both organic and 
inorganic compounds. In this book the auth- 
or has collected the large amount of infor- 
mation which has accumulated since the 
original discovery in 1951. Following the 
stated intention to deal with the practical 
aspects of the technique, only a brief account 
of the theoretical principles is given, and the 
main section (approximately 150 pages) 
comprises a survey of practical information 
in recent advances in laboratory methods 
and equipment. Consideration is given to 
design of equipment and many examples of 
apparatus are shown, as well as a description 
of manipulation methods both before and 
after treatment by zone-refining. The tech 
nique of erystal growing, which is important 
in the production of semi-conductors, is des- 
eribed, In the final two chapters, an account 
is given of the examination and application 
of high-purity substances. The text is sup 
ported with numerous line drawings 
excellent quality which illustrate the de 
and operation of apparatus for dealing 
materials ranging from the metals to organic 
compounds. On the grounds of similarity, 
perhaps a few of the drawings might have 
been omitted. There are also 24 photo 
showing 


graphic plates 


products of zone-refining techniques, all of 
which are informative with the exception of 
plate IV which merely shows a typical metal 
cabinet containing electronic equipment. 
For those who wish to pursue the subject 


apparatus and 


further, adequate references are given at the 
end of each chapter, and there is an efficient 
index. The type is in the clear stvle uniforn 
; books. 
This book may be read with advantage by 
t \ ves with 
the rapid developments of a new and in 
technique, and also by 


with thi ies of practical science 


hose wishing to acquaint themsel 
portant laboratory 
those workers who, requiring materials in a 
high state of purity, may find a ready means 
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in the employment ol the zone-refining 
method.— RK. HANDLEY. 

Remer, M. ‘Deformation, Strain and Flow’. 
2nd ed. 9} x 6} in., pp.xvi-+ 347. Illustrated 
1960, London: H. K. Lewis & Co. Ltd. 
(Price £3 3s.). 

The deformation and flow laws for a wide 
variety of materials and liquids are dis- 
cussed mainly from a macroscopic, pheno- 
menological standpoint. Three basic ideal 
types are first defined which are called the 
Hooke elastic solid, the Newtonian viscous 
liquid, and the St Venant plastic solid. 
After emphasizing that no real substance 
can be so narrowly defined, the author goes 
on to consider many combinations of these 
basic types (e.g. visco-elastic, Maxwell 
liquid, Bingham solid, etc.), to develop the 
basic equations governing their behaviour, 
and to apply these to various phenomena 
and problems. Certain secondary phenomena 
are also treated, such as the Weissenberg 
effect. The book should be useful for anyone 
who wants an overall view of a wide range of 
mechanica] behaviour occurring in liquids 
and solids. However, so much ground is 
covered that the treatment of any one 
topic is bound to be somewhat unsatis 
factory for specialists. Nor is it always 
adequate as an elementary introduction; for 
exan ple no mention is made of stress strain- 
increment relations in the chapter on plas 
ticity. The text is based on lecture notes. 
The resulting discursive style, the use of the 
first person singular (for which the author 
apologises), and the constant intrusion of 
the personality and research career of the 
author, make 
book, which may or may not ple: 
reader A. P. GREEN. 

ScHULENBURG, A. ‘Handbuch der Schmel 
Legierungs} wis in der Metallaies a. a 
Aufl. 8x 5} i pp.371. Illustrated. 1959, 
Berlin Schiele und Sihén 


this an unusually personal 


Fachverlag 
GmbH. (Price DM.28.-.). 

rhis practical handbook of 350 pa 
published in 1952, has enjoyed a measure of 
popularity in Germany such that it has now 
been ré printed. The 1959 edition has been 
modernized and revised where necessary, in 
particular the sections on melting and alloy 


res irst 


composition. This book is essenti illy a prac- 
tical man’s reference book and does not pur- 
port to be anything else. It is written pri 

marily for the apprentice or skilled foundry 

man and for the ever-growing group of semi 
skilled foundry engineers. 

It is written in German for the Germa: 
foundry craftsman and _ therefore 
compositions are those given in German 
standard specifications and all the literature 
references are to German authors. Therefore, 
this book must be of limited value in Britain 
where the reader who would most benefit by 
it can hardly be expected to know sufficient 
of the language to read it. Furthermore, the 
few illustrations are to German equipment 
exclusively and the diagrams are not of a 
sufficiently high standard to be self 
explanatory. If, however, the 
language and customs can be overcome, the 


metal 


barrier of 


book has much to recommend it and its 
essentially practical bias might well be a 
model for a similar book here. No useless 
historical matter is included, no references to 
obsolete methods and processes; theory has 
been kept out except where absolutely 
essential to the proper understanding of the 
text. It is a book for the harassed foundry 
man, faced with practi al difficulties, and a 
good text-book for those teachers of foundry 
craft with an insufficiently practical back- 
ground. It covers the entire metals casting 
industry, iron, steel, non-ferrous, light 
alloys, special purpose alloys, and newer 
metals R 
VICKERY, 


Science 


ification and Index 
$x 5} in., pp.xix 
London: Butterworths Scic 
Publications. (Price £1 10s 
It is not very hard to sort cards ace 
to a certain system and file them in a 
The difficulty is in 
can all be found again when tl f 
wanted, and Mr Vickery authoritativel 
describes the present state of this art 


1959, 


making sure t 








‘information retrieval’. The simplest index 
for the untrained user is the alphabetical one 
but it is dependant on numerous cross- 
references. Classified schemes, potentially 
more efficient, break subjects down by ‘facet 
analysis’ into their components and arrange 
these in a helpful order; a notation is then 
applied which will maintain this order and 
allow for new subjects; to complete the 
system an alphabetical index is necessary as 
a key to aspects which the notation does not 
reveal. Finally Mr Vickery deals with 
mechanical techniques, emphasizing that 
(i) they are only as good as the classification 
schemes on which they are based; (ii) inform- 
ation machines can do nothing that humans 
cannot, and it is not yet certain whether 
they are more efficient. 

Detailed examples are given throughout, 
and the author defines his terms so that this 
book could be used as an introduction to the 
subject; but preliminary readings in the 
end-of-chapter bibliographies would be 
helpful to the uninitiated.—M. Wricur. 
eEstTwoop, W. and Mayer, A. ‘Chemical 
Analysis of Cast Iron and Foundry Material’. 
2nd. ed. revised by W. E. Clarke and H. 
Green. Foreword by E. Gregory. 9} x 6} in., 
pp.586. Illustrated, 1960, London: George 
Allen and Unwin Ltd. (Price £3 3s.). 

Well-thumbed first editions of ‘West wood 
and Mayer’ have survived nine years of 
constant consultation in routine foundry 
laboratories with s irprisingly little damage. 
The new edition is similarly strongly bound 
and contains 20 more pages of text printed 
on even better paper. The original authors 
having undertaken new responsibilities, the 
revision was entrusted to Mr W. E. Clark 
F.R.1.c. and Mr H. Green, who have followed 
them into similar posts in the laboratories of 
the British Cast Iron Research Association. 
The book opens with a general account of 
chemical practice and then turn 
with the sampling and analysis of iron, 
ferro-alloys, slags, silica, coal, coke, foundry 
binders, etc. Finally an appendix of useful 
tables and works of reference are included. 
The form of the original edition is retained 
but the analytical methods have been modi 
fied or replaced in the light of experience 
gained not only at the sritish Cast Iron 
Research Association but by dozens of 
analysts engaged in work in the same or 
similar fields. More and more trace elements 
are now known to influence the behaviour of 
cast iron both in the foundry and in use; 
therefore, their determination has been given 
additional attention in this edition. The new 
edition costs only 63s., and is essential to all 
practising metallurgical chemists. 

R. V. RILey 
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deals in 


NEW PUBLICATIONS 


These titles are also available on index cards in 
advance of publication in the Journal, each title 
being classified under the Universal Decimal 
system (UDC). Details and subscription rates 
can be obtained from the Secretary, The Iron and 
Steel Institute. 


AITCHISON, L. i History of Metals’. Two 
volumes. 11 84 in., pp.xxi+ 303; xvii 
305-647. Lllustrated. London, 1960: Mac- 
donald Evans Ltd. (Price, two vols. £8 8s.) 


AKADEMIYA Nauk SSSR. Institut Kristallo 
grafii. [Academy of Sciences, USSR. Insti 
tute of Crystallography.] ‘Growth of Crystals’. 
teports at the First Conference on Crystal 
Growth, 5-10 March 1956. In English trans 
lation foriginal ‘Rost Kristallor’, Moscow 
1957.}] 10} « 8} in., pp.294. Illustrated. New 
York, 1958 Consultants Ine. 
Price £6: $15.00 


Bureau 


AKADEMIYA Nauk SSSR. Institut Machino 
vedeniva. [Academy of Sciences, USSR. 
Institute for the study of machines 


‘Voprosy prochnost materialov i konstruktsii’ 
[‘Questions of the strenath of materials and 
structure’.) In Russian. 10} x 64 in., pp.401 
Illustrated. Moscow, 1959: The Academy 


(Price 20r. 90k 
AKADEMIYA Nauk SSSR. Sibirskoe Otdelenie. 
geofizik. 


geologii i Academy of 


Institut 








Sciences, USSR. Siberian division. Institute 
of Geology and Geophysics.] A. N. Vorsin, 
E. F. Doil’nitsyn, A. I. Trubetskoi, and 


M. Ya. Shcherbakova. ‘Radiochastotnyi 
MaAaSsSS8 spektrometr teoriya, raschet i kon 
struirovanie’. [‘The radio frequency masa- 


(theory, calculation and con- 
struction’.} In Russian. 8} x 5} in., pp.76. 
Illustrated. Moscow, 1959: The Academy. 
(Price 2r. 70k.) 

AKADEMIYA Nauk SSSR. Sovet po izucheniya 
proizvoditel’nykh zil. Ministerstvo Geologii 
1 Okhrany Nedr SSSR. Chitinskoe geolo 
gicheskoe ypravlenie. | Academy of Sciences, 
USSR. Council for the study of production 
resources. Ministry of Geology and preserva- 
tion of Mineral USSR. Chita 
geological authority.}] ‘Poleznye iskopaemye 
Chitinskoi oblasti (Chernye metally i nemtall- 
icheskie poteznye ‘Mineral 
resources of the Chita region (ferrous metals 
and non-metallic minerals)’ In 
10x 64 in., pp.143 
1959: The Acade my. 

AMERICAN Soctety FoR TESTING MATERIALS. 
ASTM Standards on Metallic-coated iron 
and steel Products’. Sponsored by ASTM 
Committee A-5 on Corrosion of iron 
steel. Zinc-coated sheets, hardware " 
strands, fencing, and pipe, aluminium- 
coated products, Terne-alloy-coated sheets. 
9x6 in., pp.viii+ 164. Illustrated. Phila- 
delphia. 1959: The Society. (Price, Members 
$2.80; Non-members, $3.50 

AMERICAN SOCIETY FOR MATERIALS. 
‘ASTM Standards on methods of atmospheric 
sampling and analysis’. Prepared by ASTM 

) 


spectrometer 


{esources, 


iskopalmy)’ 


, Russian. 
Illustrated. Moscow, 
Price 7r. 85k.) 


and 
wire, 


ESTING 


99 


Committee D-22 on methods of atmospheric 
Methods of testing. 
Recommended practices. Definitions. 9x 6 
in., pp.vii+ 102. Llustrated. Philadelphia, 
1959: The Society Price, Members $1.80; 
Non-members $2.25. 
AMERICAN Society FoR TESTING MATERIALS. 
Electron Metallography’ 
Presented at the Sixty-second Annual 
Meeting, Atlantic Citv, N.J., June 23 1959. 
8.T.P. No.262. 9x 6 in., pp.128, Illustrated 
Philadelphia, 1960 The Society. (Price, 
Members $3.40; Non-members $4.25 
AMERICAN Society FOR TESTING MATERIALS. 
‘1958 References on Fatigue’. Sponsored by 
ASTM Committee E-9 on fatigue. S.T.P. 
No.9-J. 1184 in., pp.76. Philadelphia, 
1960: The Society. (Price $3.50.) 
AMERICAN SOCIETY FOR TESTING MATERIALS 
‘Manual on Industrial Water and Industrial 


sampling and analysis. 





Symposium on 





Waste Water’. 2nd ed. Pre pared by ASTM 
Committee D-19 on industrial water. 
8S.T.P. No.148-D. 9x6 in., pp-.xii+ 653 


Illustrated. Philadelphia, 1960: The Society 
(Price, Members $8.80; 
$11.00 

APPLEGATE, L. M ‘Cathodic Protection’ 
9 x 6 in., pp.ix+ 229. Illustrated. New York; 
London, 1960: MeGraw Hill Book Co. Ine 
(Price £3 10s.) 

THE AUSTRALASIAN INSTITUTE OF 
METALLURGY 
Pirie, South 


Non-members 


MINING 


Symposium 


AND 
“Sintering Port 
fustralia, September 1958’. 


84x 54 in., pp.vii+ 381. Illustrated. Mel 

bourne, 1958: The Institute Price, Mem- 

bers £A1.108; Non-members £A2 10s.) 
BasHrortuH, G. R. ‘The Manufacture of Iron 


and Steel’. Vol. 3. Steelworks fuels, furnaces, 
retractories, and instruments. 54 24 In., 
pp.vili4+ 246. Lllustrated London, 1960 
Chapman & Hall Ltd. (Price £1 15s 
3ooTH, A. D. (Editor Progress in Automa- 
tion’. Vol. I. 84x 54 in 
trated. London, 1960 
tific Publications. (Price £2 2s 
Britisu IRON AND STEEL RESEARCH ASSOCIA 
TION BISRA). innual 
94 x 6 in., pp. 159. INustrated. London, 
The Association 
British STANDARDS InstiruTION. ‘British 
Standards Yearbook’ 1960. 8} x 6 in., pp.592. 
London, 1960: The Institution. (Price 15s 
BRITISH STANDARDS INstiruTION. ‘The sampl 
ing of Coal and Coke’ 
Coal. 


» pp.vili+ 231. Illus 
Butterworths Scien 


Report? 1959. 


1960 


BS.1017: Part l 
pp.124. Illustrated. London, 
Institution. (Price £1 5s 

BritisH STANDARDS INSTITUTION 


ing of Part 2. 


1960 8} x6 in 
1960: 


The 


The sampl- 


Sampling of 


coal and ce 


Part I. Sampling of 


Journal of The Iron and Steel Institute 
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coke. BS.1017: Part 2 
pp.106. Illustrated. London, 
Institution. (Price £1 5s 

BrRiTIsH STANDARDS INSTITUTION 


1960, 8}6 in., 
1960: The 


V ethods 


for the Analysis and Testing of Coal and Coke’ 
‘Part 15. Fusibility of Coal Ash and Coke 
Ash. BS.1016: Part 15: 1960. 8}*6 in., 
pp.13. London, 1960: The Institution. 


(Price 48. 6d 
SRITISH STANDARDS INSTITUTION 
for Thermographs (Bimetallic 
1960, 8} 6 in., pp.7 
Institution. (Price 3«. Od.) 
(Editor Electronics for 
By members of the Photo 
Elec 
Uni 


Specifica- 
Type)’. 
London, 








1960: The 
CANNON, ( G 
Spectro 
electric Spectrometry Group and the 
tronics Department of Southampton 


8¢ »prsts 


versity. Schwarz Memorial Volume. 8} 4 
in., pp.fiv 333. Illustrated. London, 1960 
Hilger & Watts Ltd. (Price £3 

CENTRE D’EtupEes SuPERIEURES DE LA 
Sipkruraie (CESSID). R. Fert Coulée de 


lV’ Acier’. Complément au fascicule du Cahier 
XV. ‘Les Lingots de Forge Coulée 
Structure’. Les Cahiers du Cessid- XV 
104 x 8} in., loose leaf, pp 41. Illustrated. 
Metz, 1959: CESSID. (Price LONF; outside 
France 5ON F.) 


Gros 


No0.50 





CENTRE TUDES SUPERIEURES DE LA 
Sipgkruraie (CESSID Cc. G. Thibaut. 
‘Qualités dé Cokes V étallurgique’ Comple- 


V atiéres 


du Cahier XII 
Cahiers du 


ment au fascicule 


Premiérea en Sidérurgie’. Les 


Cessid-XII 104 8} in., loose leaf, pp-38. 
Not continuously paginated. Lllustrated 
Metz, 1959: CESSID. (Price 8 NI yutside 
France 8.50NF.) 

Centre D’Ervupes SurérRikurREs DI 


LA 

Michard, ‘Etude 
jilan thermique et 
Les Cahiers 


SipErurcie«£ (CESSID). J. 
du haut fourneau’. 


échanges de chaleur du Cessid- 


XVII. Cahier Il. No.49. 10} x 8} in., loose 
leaf, pp.127. Illustrated Metz, 1959 
CESSID. (Price 30NF; out France 


32NF.) 

Centre D’Erupes SupfRIeEURES , s 
Sipérurcie (CESSID). P. Vallet. ‘Chime 
Physique Appliquée a la Sidérurgie’ R 





impression. Les Cahiers du Cs i, 10} « 8} 
in., loose leaf, pp.245. Llustrated Metz 
1959: CESSID Price S5NI itsice 
France 37.50NF.) 

CENTRI D’ErupEs SwuPpéRIEURES DE LA 
Sivérevroeie (CESSID). J. Ulmo. ‘Eléments 
de Statistique’. Réimpression. Les Cahiers du 
Cessid. No.3]. 104 « 8} in., loose leaf, pp.140 
Illustrated. Metz, 1959: CESSLD. (Price 
25NF; outside France 27.50NI 





Editor.) ‘Random Vibration’ 
Crandall, I. Dyer, 


‘RANDALL, S. H. 
[Contributions by 8. H 
R. M. Mains, F A. McClintock, K. J 
Metzyar, T. H. Pian, H. Poritsky, A. Powell, 
D. E. Priest, T. P. Rona, W. M 
Technology Press in Science and 
Engineering, 96 in., pp.x+ 423. Illus 
trated. New York; London: 1958: Technol- 
ogy Press of M.I.T., John Wiley & Sons Ine 
Chapman & Hall Ltd. (Price £3 8« 


siebert. 


Books 


Cum™MinGs, H N Qualitative ispects f 
Fatique of Materials’. PB 161145. 10} x 8in., 
PI 250 Llustrated Washington, 1959 
Office of Technical Services. (Pri $4.00.) 


Coum™inas, H. N., STULEN, F. B., and Scuu.tt 
WwW. ( Investiqation of Fatique Pre 
Room Temperature of 


having High 


perties at 
High Strength Steels 


Temperatures 


Tempering 








PB 161144. 10} «8 in., pp.95. Hlustrated 
Washington, 1959: Office of Technical 
Services. (Price $2.50 

Darwin, G. I nd B ery, J. H Bery 
lium’ Metallurg f the rarer metal 
series 7 t»« 54 in., pp.ix 393. Illus 
trated. I l, 1960 sutterwort! > nt 
fic Publication Price £3 10 

DekKer, A. J. ‘Electrical Engineering Materi 
als’. Prentice-Hall Electr 1 Engineering 
series. YX6 In., pp-X 208. I trated 


I ° 
Englewood Cliffs, N.J., 1959: Prentice-Hall, 
Inc. (Price £2 14s 
DEUTSCHER NORMENAUSSCHUSS M Kleir 
DIN-N er 2? Auflage 


*Einfiihrung in die 
8} x 5} in., pp.vi+ 298. L[llustrated. Stutt- 
gart. 1956: B. G. Teubner Verla esell 
schaft. (Price DM.17.50 

Economic COMMISSION FOR EvcROP! * Lor 
Term trends and problems of the European 
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Steel Induatr y” 11 S4 in., 
Illustrated 
(Price 14s.) 

ENGINEERING Liprary. ‘Biblio 
graphy on Filing, Classification, and Indexing 
Systems for Engineering Offices and Libraries’ 
ESL Bibliography No.14. 11 x 8} in., pp.33 
Duplicated. New York, 1960: The Library 
(Price $2.00.) 

Evropa Pusiications Lrp. ‘The World of 
Learning’. 1959-60. 10th Edition. 9} x 7} in., 
pp-xiii+ 1221. London, 1960; Europa Publi 
cations Ltd. (Price £7.) 

Favor, R. J., AcuBpacu, W. P., and Grover, 
H. J. ‘Materials Property — Design Criteria 
for Metals’. Part 8. The Creep behaviour of 
selected Materials in the Range up to 1%, 
net creep strain and 1000 hours, PB 161302. 
10}? « 8 in., pp.23. Illustrated. Washington, 
1959: Office of Technical Services. (Price 
$0.75. 

Frank, R. G. and ZIMMERMAN, W. F. ‘Materi 
als for rockets and miasiles’. 74 5 mm. 
pp.xix +124. Illustrated. New York, 1959 
The Macmillan Company. (Price $4.50.) 

Frost, B. R. T. and Waupron, M. B. ‘Nuclear 
Reactor Materials’. Nuclear Engineering 
Monographs. 84x 54 in., pp.vii+-79. Illus 
trated. London, 1959 Temple Press Ltd 
(Price 12s. 6d.) 

Fyrvru, H. J. and Cornins, H. ‘The 
Workers’. A Trade Union History 
in., pp.xil+ 348. Illustrated 
1959 Amalgamated 
Workers. (Price 18s 

Giuck, J. V. and Freeman, J. W. 
Prior NShort-time 


4 pp.xi+ 176. 
Geneva, 1959: The Commission 


SOCLETIES 


Foundry 

8 54 
Manchester, 
Union of Foundry 


Effect of 
Creep on Vechanical 
Properties of ? PH Stainless Steel., 
PB 161296. } <8 in., pp.82. Lllustrated 
Washington, 1959 Office of Technical 
Services (Price $2 
GROSSKINSKY, ©O 


25.) 

‘Handbach des Kokerei 

In two volumes. 94 x 7 in., pp.xvi 
547; xii + 542. Illustrated. Diisseldorf, 1955; 
1958: Dipl.-Ing. Karl Knapp Verlag. (Price, 
Vol.1, DM.76.-, Vol.2, DM.86 

GROUPEMENT rouR L’AVANCEMENT DES 
MeTHODES D’ANALYSE SPECTROGRAPHIQUE 
DES Propurrs M&TaLLurRGiQuES (GAMS). 
‘Vingtiéme Congres tenu les 3 
1957 a Paris’. 54% 6} in., 
trated, 1958: Arcueil. GAMS. 

Heywoop, R. B. ‘The effect of some Design 
Features on the Fatique Life of Bolts and 
Nuts’, RAE Tech Note Structures 249 
12} © Sin., pp.14[ + 20}. Illustrated. London, 
1958: Ministry of Supply 

Hiner, M. J. and Jenkin, W. C. ‘Development 
of a method t lecomplish Lluminium Depo 
sition by Gas Plating’. PB 151923. 10} Sin., 
pp.57 Washington, 1959: Office 
of Technical Services. (Price $1.75.) 

IuirFFE AND Sons Lrp. ‘Meratr 
‘Metal Industry Handbook and Directory 
1960, 8} x 6in., pp.568. Illustrated. London, 
1960: Iliffe & Sons Ltd. (Price £1 Ls.) 


wesens’ 


, 4, 5 et 6 juin 
pp.399, Tllus 


llustrated 


INDUSTRY’ 


Journal of The Iron and Steel Institute 


INSTRUMENT Society or America (ISA). 
IBA. 10th Annual Confer 
ence on Instrumentation for the Lron and 
Steel Industry. Pittsburgh, March 23, 24, 
1960. 11 84 in., [pp.90, not continuously 
paginated]. Pittsburgh, 1960: The Society. 
(Price $3.50.) 

KauFrMan, H. J. ‘Machine Shop and Foundry 
Projects’. 10 * 64 in. Bloomington, [L., 1959 
MecKnights & MeKnights Publishing Co. 

Know, M. and Kazan, B. ‘Materials and pro 
ceases of electron devices’. 9} “ 64 in., pp.Xill 

484. Illustrated. Berlin, 1959: Springer 
Verlag. (Price DM.66. 

Kocu, K. M. and Reinsacn, R. ‘Einfiihrung in 
die Physik der Leitwerkstoffe’. Einfahrung in 
die Physik der Elektrotechnischen Werk- 
stoffe, Teil LII/I. 9464 in., pp-.vii-4 
Illustrated. Vienna, 1960: Verlag Franz 
Deuticke. (Price : Sch.) 

Martin, J. ‘Correlations between Tranaverse 
and Torsional Shear Creep Deformations’. 
PB 161258. 10} «8 in., pp.26. Illustrated. 
Washington, 1959: Office of Technical Ser- 
vices. (Price $1.00.) 

Maryon, H. ‘Metalworking and Enamelling’. 
Fourth edition revised. 84 = 5} in., pp.xvi 
335. Illustrated. London, 1959: Chapman & 
Hall Ltd. (Price £2 5s.) 

Ministry OF Power. Safety in Mines Research 
Establishment. R. Jeffrey and J. R. Street. 
‘The Effect of Weld Flaws on the Static and 
Fatigue Strengths of Wrought Iron Chain 
Links’, 94 * 8 in., pp.27. Illustrated. Sheffi 
eld, 1959: Ministry of Power. (Price 2s. 6s.) 

Morean, J. H. ‘Cathodic Protection’. Its 
theory and practice in the prevention of 
corrosion. 9}6 in., pp.xviil+-325. Illus. 
trated. London, 1959: Leonard Hill (Books) 
Ltd. (Price 57s. 6d.) 

NATIONAL ENGINEERING LABORATORY. ‘Heat 
Bibliography, 1958’, 11 * 84 in., pp.v +281. 
Edinburgh, 1960: Her Majesty’s Stationery 
Office. (Price 15s.) 

NATIONALE CoGNe, S.p.A. ‘L’Impiego e il 
trattamento dell’acciaio’. V edizione. 8} x 6 
in., pp.xxvii+ 674. Illustrated. Turin, 1959 
Cogne Pubblicita. 

Oerret, W. O. ‘Grundlagen der Metallmikro 
skopic’. 9 x 6} in., pp.viii+ 216. Illustrated. 
Leipzig, 1959: Akademische Verlagsgesell 
schaft Geest & Portig K.-G. (Price DM.27.-.) 

ORGANIZATION FOR EuROPEAN Economic Co 
OPERATION (OEEC). European Productivity 
Agency (EPA). ‘Metals Testing in the United 
States’. A survey of destructive and non 
destructive methods. EPA 388. 946 in., 
pp.209. Illustrated. Paris, 1959: OEEC 
(Price 14s. 6d.) 

Paviov, M. A. 


teorii 


Proceedings’ 


255. 


(Editor.) ‘Sbornik trudov po 
plavk?’ ‘Collection of papers 
on blast furnace theory’ In 


domenno 
tussian. Torm.| 
pp.319. Illustrated. 
Metallurgizdat. (Price ll r 


vol. 1 8} x 5} in, 

Moseow, 1957 

55 k 
Ruopiy, T. N. 


Editor.) ‘Physical Metallurgy 
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of stress corrosion fracture’ \ symposium 
arranged and sponsored by Committee on 
corrosion-resistant metals, Institute of 
Metals Division, The Metallurgical Society, 
and Pittsburgh Section, American Institute 
of Mining, Metallurgical, and Petroleum 
Engineers. Presented in co-operation with 
the Electrochemical Society, National 
Association of Corrosion Engineers, and the 
American Society for Testing Materials. 
Pittsburgh, 2-3 April 1959. Metallurgical 
Society {of the AIME] Conferences. Volume 
4.9 6in., pp.xili+ 394. Illustrated. London 
New York, 1959: Interscience Publishers 
(Price £4 18s.; $13.00.) 

Smira, R. A. ‘Semiconductors’, 9x6 in., 
pp.xvii+ 494. Illustrated. Cambridge, 1959 
The University Press. (Price £3 5s. 

SouTHWELL, G. R., ForGEson, B. 
ALEXANDER, A. L. 
Tropical Environments’. 
iron. PB 151852. 10} 8 in., pp.15. Tllus 
trated. Washington, 1959: Office of Tech- 
nical Services. (Price $0.50.) 

Srawtey, J. E. ‘Hydrogen Embrittlement of 
Some Steels and Nonferrous alloys’. PB 
151937. 10%x8 in., pp.: Illustrated 
Washington, 1959: Office of Technical Ser 
vices. (Price $0.75.) 

STanFoRD ReseEaARCH INstiITUTE .* Proceedings 
of an International Symposium on High 
Temperature Technology, Asilomar, Cali 
fornia, October 6-9, 1959. 118} in., 
pp.[iv}] +348. Illustrated. London, New 
York, 1960: McGraw-Hill Publishing Com 
pany Ltd. (Price £5 16s. 6d.) 

Sytvania Evectric Propucts Ine. H. H. 
Havusner and H. C. FrRitpeEMANN. (Com 
pilers.) ‘Tungsten. Bibliography 1953-1958 
Physical properties and phase 
11x84) in. pp.39. Illustrated. 
Penn., 1959: Sylvania Electric 
Ine. (Price $1.00.) 

Turner, T. H. ‘Corrosion Prevention’. Paper 
presented to the Spring Meeting of the East 
Midlands Branch of the Institution of 
Mechanical Engineers at Nottingham, 25 
April 1959. 108 in., pp.55. Illustrated 
London, 1960: The Institution of Mechan 
ical Engineers. (Price 5s.) 

VAN Someren, E. H. S. and Lacuman, F 
‘Spectrochemical Abstracts’. Vol. VI. 1954 
1955. 936 in., pp.100. London, 1960 
Hilger & Watts Ltd. (Price £1 5s.) 

WEIBULL, W. ‘Statistical Evaluation of Data 
from Fatigue and Creep-rupture Tests’ 
Part I. Fundamental Concepts and General 
Methods. PB 161297. 10}*S8 in., pp.73 
Illustrated. Washington, 1959: Office of 
echnical Services. (Price $2.00. 

Westwoop, W. and Mayer, A. ‘Chemical 
{nalysis of cast iron and foundry materials’ 
2nd ed. Revised by W. E. Clarke and H. 
Green. Foreword by E. Gregory. 9} x 64 in., 
pp.586. [llustrated. London, 1960: George 
Allen and Unwin Ltd. (Price £3 3s. 
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this 

Honeywell , 
control 

engineer 








brings a world of experience 
to every installation 





He 





and his colleagues who operate from branch 








offices in principal U.K. towns and cities, 


bring the full resources of Honeywell 





instrumentation with them when they call 












Backed by authorities on every aspect of 


instrumentation they ensure that the job 






is carried right through: from choice 








of instruments, design of system, 
panel arrangements to installation. 
commissioning and periodic servicing 
when required. 
Among their successes is the 


installation of temperature, 






combustion and pressure control 
instruments into a furnace control panel 


for William Beardmore & Company Limited. Honeywell 


What has been done for the steel industry is done 
. : ~ * 
in other fields too. Wherever your factory is VW WY 
located, whatever process you wish to control SINCE 1865 
automatically, just call on Honeywell engineers 


for information and assistance. 
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Address of your nearest sales office 


(t here applicable) 
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WRITE OR SEND THE COUPON TODAY 


Position 






Honeywell Controls Limited, Ruislip Road East, Address 


Greenford, Middlesex. Waxlow 2333. 









ISI 
Sales Offices in the principal towns and cities in the United 
Kingdom and throughout the world 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
STEEL LADLES 


KILN CAPACITY OVER a 
li MILLION BRICKS SPECIAL FIRE CEMENTS for all 


< purposes 


. 
STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams:—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. 1 





JOURNAL OF THE IRON AND STEEL INSTITUTE 





Two train loads of rails 
and switches leaving 
Summerson's Spennymoor 


Works. 


SUMMERSON ‘Designing’ 
wins big Thailand contract 
for rails and switches 


In the face of keen world wide competition Summersons obtained a contract from the State Railways of Thailand 
comprising 115 turnouts angle | in 10, complete with over-riding switches and cast manganese vee pieces, also seven 
diamond fixed crossings, angle | in 10, including two acute crossings with cast steel vees and two obtuse crossings 
Ancillary equipment was also supplied. 

Good designing was a deciding factor, and Summersons 120 years ot 


f experience of designing, manufacturing and 
laying railway track stood them in good stead. Write for a copy of Summersons Book of Railway Sidings 


FHOMAS SUMMERSON & SONS, D, MOWDEN HALL, DARLINGTON rEILEPHONI DARLINGTON 


tration snows part of 
, 
compiete trains used 


io deliver, 














GUEST KEEN& 4IRON & STEELP 
COMPANY ® 


IRON & STEEL COMPANY LIMITED, 


<AREMBER OF Typ 


{aris it) cast Moors, GARDIFF. 
7 TELEPHONE: CARDIFF 3315! 
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Gas Fired! Lime Kilns 


FOR THE PRODUCTION 
OF LOW SULPHUR LIME 


FOR THE STEEL INDUSTRY 


We specialise in the design The Plant illustrated includes 4 Mixed Gas Fired Kilns 
and construction of 
Open-hearth Furnaces 
Soaking Pits of all ty pes 
Continuous Multi-zone Bloom 
and Slab-Re-heating Furnaces Each Kiln produces 75 tons of lime per day 
Continuous Bogie type Ingot ! 


complete with Limestone and Lime Handling Equipment 


and Slab Heating Furnaces ; 
burnaces for Aluminium Melting, for the new Bessemer Plant of 
Coil Annealing and Slab Re-heating 
Forge and Heat Treatment kFurnace- The Steel ¢ ompany of Wales Ltd.. 
Stress Relieving kurnaces : 
Shipyard Plate and Bar Furnaces 
Modern Lime Burning Kiln- Port Talbot. 








I et 


PRIEST PRIEST FURNACES LTD « LONGLANDS - MIDDLESBROUGH 


also at: KELHAM ISLAND WORKS ° SHEFFIELD 3 
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the most 
accurate 
reliable 
economical 
and efficient 
TEMPERATURE 
CONTROLLER 
in the 
world 


is the WEST ‘STEPLESS: 


trument Ltd. are ready 
nstrate to the metal industries that 


W E S T busty nt 


LIMITED 


NT STREET BRIGHTON 1 ENGLAND 


Wewca 


SOLVE YOUR 
DUST & SMOKE 
PROBLEMS 


INTENSIV FILTER 
EQUIPMENT 


especially designed for the Iron and Steel Industry 


Large filtering plant with 2400 m2 filtering area in 64 filter compart- 
ments, for cleaning brown iron oxide fumes emitted from a pre- 
refining plant dealing with 4 ladles of 50 tons capacity each-part view 
of one half of filter plant 

The range of equipment available in Great Britain are as follows 


INTENSIV — Bag Filter 
INTENSIV — Cyclons 

INTENSIV — Chamber Dedusting 
INTENSIV — Coolers 

INTENSIV - Fans 

INTENSIV - Filtering Bags 


INTENSIV FILTER GMBH LANGENBERG/Rhi'd 


Officially appointed representatives in Great Britain 


L.E. CROOKS 


119 MOORGATE, LONDON, EC?2 
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New up-to-date DATA on 
FURNACE & STOVE INSULATION 


This new Data Sheet gives the factors required to 
calculate the savings in heat obtainable with Therbloc 
mineral wool insulation used either by itself or as a 
backing to refractories or insulating brick. Graphs of *K’ 
values and practical examples are included 


sediaenanaiemens ieee 


TO STILLITE PRODUCTS LTD., 15 WHITEHALL, LONDON S.W.1 
Piease send Therbloc Data Leafiet No. 5/60 


NAME 
ADDRESS 


STILLITE PRODUCTS LIMITED 


- Just attach this coupon to your letterhead 
15 Whitehall, London S.W.!1 WHitehall 0922-7 srnal of the and 8 2 


231 St. Vincent St., Glasgow, C.2 Tel: CENtral 4292 
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THE MILES 


HYDRAULIC RAM 


GOGGLE VALVE 


An entirely self-contained self-supporting goggle valve with 
exceptional sealing qualities. 
Available for high or low pressures and temperatures. 


For further particulars of these valves and also 


MILES EXPANSION JOINTS, 
HOT BLAST STOVE VALVES 
AND BURNERS 


Write or telephone 


INDUSTRIAL & METALLURGICAL EQUIPMENT LTD. 
MEL 76 CANNON STREET, LONDON E.C.4. 


Tel: City 7072 


| Gflent dipooal 


WITH THE KESTNER PATENT CONTINUOUS NEUTRALISER 


If you are concerned with an effluent disposal problem, the 
Kestner Patent Continuous Neutraliser, as illustrated, provides 
one of the simplest and most compact methods of continuous 
effluent neutralisation. The neutraliser can be fitted with a 
dry chemical feeder to give accurate neutralisation media 
control. Provision can also be made for continuous 
recording of the pH of the liquor after neutralisation or 

for continuous pH control. 





=} r- > 


All the plant in contact with the effluent is in 
corrosion resistant constructional materials suitable 
for the chemical duty 
Kestner plant also includes: 
STRIP PICKLING PLANT WIRE SHEET AND TUBE 
PICKLING PLANT COPPER RECOVERY PLANT 
ACID RECOVERY PLANT -: STORAGE TANKS 
NEUTRALISATION PLANT « FUME EXTRACTION PLANT 


wther particulars wrt hestner 
KESTNER EVAPORATOR & ENGINEERING CO. LTD., 


s GROSVENOR GARDENS, LONDON, S.W.1 THE CHEMICAL ENGINEERS 
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A brick designed 


‘to do one job perfectly 


This is the M.R.2 Blast Furnace refractory—a very at normal Blast Furnace operating temperatures 


special brick indeed. It was developed for one This is a brick with a narrow market, but 
of the way the Chemists, Physi: 


application—the lining of Blast Furnaces operating typical 
t} 


in lean ores—with 100°. sinter nd driven hard. Engineers at Neston look upon the 
an extremely hard, low porosity re- refractories —as a branch of precis¢ 
- effect engineering. Amongst tne other things they 


the sinter. It is completely unaffected by with equal care are M R.1 and M.R.60 bricks and 


to enable it to resist the abrasive 


arbon lufactured from Ss ial shapes; low-heat storage insulating 
very carefully selected raw materials prepared ries M.1.28, and 
and moulded under control Mouldables and Castables 


with a final kilning at temperatures of the orde1 which are having 


1600 C to ensure complete volume stability classes of furnace « 


MORGAN 


efractories Ltd 


MORGAN REFRACTORIES LTD - NESTON WIRRAL CHESHIRI * TELEPHONY] NESTON 1406 


i 
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SPECIALLY DEVELOPED 


AND TESTED 


Dust collection and removal REFRACTORIES 


tr +} 


Buell have the widest experience in the removal 





and recovery of industrial dusts. Buell High 


Efficiency Cyclones deal effectively with dusts Pearson refractories have a great name 
associated with crushing and screening, rotary oor Gey SS Coy erenEe 

‘ ” . the industry. Standard brick sizes are 
immediately available in a wide range of 
Compound Collectors are effective for the elimin- materials — special types of shapes are 
made to order. Send for full technical 
information and prices 


kilns, dryers and metallurgical furnaces. Buell 


ation of fly ash from boilers etc. 


| Fireclay 
The plants illustrated collect and recover the dust High Alumina 
Sillimanite 
Silicon 
Carbide Bricks 
Write for our publication * Dust Collection.” ata seen 
Insulating Bricks 
and Concrete 
Plastic Jointing 

and Protective 
Cements 
Refractory Concrete 
and Ramming 
Compounds 





from a large iron-ore sintering plant. 





E. J. & J. PEARSON LTD. 


BUELL LIMITED 


THREE ST. JAMES’S SQUARE - LONDON S.W.1 Talsshone:Brierlen lt 





FIREBRICK WORKS, STOURBRIDGE, WORC 
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JOSEPH ADAMSON 


ELECTRIC OVERHEAD TRAVELLING CRANES 


The Adamson 50 10 ton crane is the third of a series 
of new design supplied to Richard Thomas & Baldwins 
Limited, Ebbw Vale Section. Features of the crane 
include monolithic construction of the crab and the 
elimination of castings by mild steel fabrication of the 
hoist barrel and bottom block. The cab is of particular 
interest as it incorporates the most modern type of 
seat unit ensuring maximum vision and ease of control. 
Joseph Adamson electric overhead travelling cranes can 
mt be supplied to all specifications including cranes suited 


a view of the cab showing to the most exacting 24 hours-a-day process work, 
the seat control unit 








sooner ADAMSON & CO. LTD. 
.- 8. &eea ese “uY 8 EF CHES HEAR E 
in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellinzton, Salop 


ADAMS ON GROUP 
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REPEATABLE BOTTOM-POURING UNDER VACUUM 

























He 
“nO opsTauCTION wou Ub-oh 
Fi INSIDE CRUCIBLE Bag oi 
: hi COM N) 
~ AMMEDIATE ‘RE-SEAL “oui. D 
- AFTER POURING iat net 
nO RE-GRINDING OF ‘| cnoltD stopetR = 
— FACE REQUIRED ST ect ne 
SPRINGS. 
i a so oreharnc Hunts 
\ led »per stopper Jj 
ori re th elt. Wh me t 
a b a 0 j ss th “et It I B 
ve St lear and the j 
elt. T 1 be replaced 


mstructed Dy Ss 
18 d abc 


EDWARDS HIGH VACUUM LTD - manor rovat - cRAwLEY - SUSSEX - ENGLAND - Crawley 1500 








COMPLETED LININGS TO 





57 BLAST FURNACES 
112 HOT BLAST STOVES 


58 STEEL MELTING 
FURNACES 








STAFF: 250 MEN, includes — 
100 FURNACE BRICKLAYERS 


TA TTERSALL 
REFRACTORY CONTRACTORS MIDDLESBROUGH | 


137 SOUTHFIELD ROAD Telephone 2320 
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x** 
x* Control Gear 


for 


Steelworks 





Main Panel and Control Stations for the Main 
Motor Screw Downs and Coilers of single stand 
Reversing Mill. 

Supplied to The English Electric Co. Ltd., 
Staflord, for Messrs. Graham Firth Steel Products 


| td... Walsall. 





May we have your enquiries for 


steel works automatic control gear ? 


 AASIPPEE OE ip 
Ue hee Ee 


CONTACTOR SWITCHGEAR LTD. 


BLAKENHALL - WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 25911 /7 Telegrams : TACTORGEAR Wolverhampton 
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Orkot 


rolling mill bearings 
Save power 


Savings of up to 40°, have been made in many 
rolling mills after changing to ‘ORKOT”’ 
bearings, a direct result of their low coefficient 
of friction. 





Write for full information 
and literature to:- 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
SALES DEPARTMENT 256) P.O. Box 136, Handsworth, Sheffield 


Telephone : Woodhouse (Sheffield) 3211. 


f CHEMICALS FROM COAL 


13 


Telegrams ; ‘Unichem’ Sheffield 











RX ATMOSPHERE 
GENERATORS 





produce uniform atmosphere for dry cyaniding gas 


Pag NAO 


carburizing, 


£ 


homogeneous carburizing or carbon restoration heat 
treatment . 
and provide atmospheres for protecting surfaces during 


bright annealing and clean hardening processes 





SUPPLIED IN UNITS HAVING CAPACITIES FROM 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION *O. EDC USA 











JOURNAL OF THE IRON AND STEEL INSTITUTE 








When flue gases escape into the air theyre gone for good 

and with them goes the chance of a big fuel saving 

With a Senior Economiser you can use these gases to 
pre-heat the feed water, saving 10-20°,, of your fuel 
increasing the efficiency of your boiler plant, cutting 

the cost of steam 

Senior Economisers, with their patented H-gilled heat 
exchange tubes, combine maximum effective heating surface 
with minimum resistance to flue gas flow. Straight, 

uniform gas passages, which do not collect soot, keep 
draught losses consistently low and rate of heat 

recovery constant 

If vou have a boiler burning more than 20 tons weekly of any 
type of fuel, you can take advantage of Senior Economisers 
They are built individually to suit your plant, and capital 


cost is soon repaid in fuel savings 


Why rite for further details 


FLUE 
| GASES 





economisers 


Jor cheaper STEAML 


SENIOR ECONOMISERS LIMITED 
N rlar ‘ 306 High H 


j 
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No. 4 blast furnace at Port Kembia 
designed, manufactured & erected for 
Australian Iron & Steel Limited 
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ASHMORE, BENSON, PEASE & COMPANY LIMITED 
(Pewert'- Gas Group) 

on en Gam ek, Beek. Bean a 2 2) AND eon. Beeen, | 

MONTREAL : BOMBAY . oe OO ee JOHANNESBURG 
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LAMBERTON 
Steel works plant 


three-high 


in operation at Guest Keen 
Iron and Steel, Cardiff. 

This mill has solid one-piece 
housings giving stiffness and 
minimum stretch. This and 
other features help to hold 

the size of the finished 
product constant and accurate. 
The stand is removed complete 
and in the Roll Shop the 

rolls are changed through the 
window by a special rig 


see inset) 


Lamberton & Co. Ltd - Coatbridge - Scotland 
i aS Sea 
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